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A NICARAGUA CANAL BILL has been prepared by 
the House Commerce Committee. This bill provides for 
the reorganization of the Maritime Canal Co.; permits 
the company to issue bonds to the amount of $100,000,- 
000, of which sum $7,000,000 is to be retained to reim- 
burse the company for money actually expended in 
Nicaragua for their franchise. The United States guar- 
antees the principal and interest of the bonds, and is to 
be protected in its liabilities by an issue of $100,000,- 
000 of stock, which is to be the sole property of the gov- 
ernment and must be deposited in the United States 
Treasury. Ten of the fifteen directors will represent the 
government, with the remaining five representing the 
company and the States of Nicaragua and Costa Rica. 
The Maritime Canal Co. must call in and cancel ail 
its outstanding obligations, except the bonds issued to 
the two republics, aggregating $6,000,000. All bonds 
will bear 3% interest and the net earnings of the canal 
will be placed in a sinking fund for their extinguishment. 
The government will also have a first mortgage on the 
entire property and the canal construction and all work 
in connection with it must be done under the supervision 
of the War Department. The government reserves the 
right to purchase the $7,000,000 bonds held by the canal 
company. ‘ u 


$$ $< -- 


THE PANAMA CANAL CO., through its American 
counsel, Mr. Wm. Nelson Cromwell, denies that there is 
any agreement, arrangement or plan for the consoli- 
dation of that company with the Nicaragua Canal Co. 
under any form of ownership or control. Mr. Cromwell 
explains that the new Panama Canal Co. is a private 
corporation and not a governmental organization, as 
some suppose. It has taken over the concessions from 
the old company, but is not otherwise connected with 
that company, and is an entirely new and solvent cor- 


an equal opportunity for participation in its construction, 
operation and use, 
Wibeiiasdcanuiiiiscnipladiaaen 

SUEZ CANAL TRAFFIC IN 1895 is thus reported by 
U. 8. Consul F. C, Penfield, of Cairo: Number of steam- 
ers, 3,434; net tommage, 8,448,245 tons; traffic receipts, 
$15,631,748, an average of about $1.84 per net ton of 
trafic. English steamers numbered 2,330, 
came next with 312 vessels, France sent through 274 
and Holland 188 vessels. The American record covered 


using the canal was 18 less than 1894, but the year 1895 


THE NEW YORK DOCK DEPARTMENT will build 
a masonry bulkhead and five new piers on the North 
River, between Charles and Gansevoort Sts., during the 





and 550 ft. deep, with 250 ft. between centers of piers. 
Upon them will be built double-decked sheds similar 
to those at the American Line pier. The piers will be 
constructed of wood, and the lifetime assumed for such 
@ pier is 40 years, with a first cost of $35,000. A stone 
pier would cost nearly ten times as much; and while the 
wooden pier would pay for itself in rentals in about four 
years, the masonry pier would barely pay interest, says 
Secretary Bowen, of the Dock Board. 


° 


THE LOCATION OF THE NEW YORK AND NEW 
Jersey Bridge, across the Hudson River at 59th St., New 
York, has been approved by the Secretary of War. The 
location had been previously agreed upon by the Sink- 
ing Fund Commissioners of New York. 

> 

THE HUDSON HIGHLAND BRIDGE CO. is being or- 
ganized in this city with the purpose of again taking up 
the project of bridging the Hudson River about three 
miles south of West Point. The construction of a sus- 
pension bridge at this point was authorized by the State 
in 1868, and some work was done four or five years ago 
upon the connecting line of railway. The present in- 
corporators are: John W. Hazard, E. W. Serrell and 
Robert Serzell, of New York city; Henry Martin, Wm. 
G. Lord and James Pierce, of Brooklyn, and Wm. D. 
Snow, of Milford, N. J. 


~ 


PLANS FOR THE NEW UNION STATION at Boston, 
Mass., mentioned in our issue of March 1%, as pro- 
to take the place of the Boston & Albany, Boston & 
Providence, Old Colony and New England railway termi- 
nals, have been prepared by Shepley. Rutan & Coolidge, 
of Boston, who were architects for the existing union 
station at the north end of the city. The headhouse 
will be a four-story building, with a frontage of 350 ft. 
on Summer St. and 1,000 ft. on Federal St., and hav- 
ing a clock tower at the corner, the main entrance being 
at the corner. The trainshed will be 610 ft. wide and 
850 ft. long, with 33 tracks and 17 platforms. Car- 
riages will drive into the station under cover, and the 
sidewalks in front of the station will be roofed over. 
The main expense will fall on the New York, New Haven 
& Hartford R. R.. which owns the latter three lines 
mentioned. 

~_-—_-_- —e 

THE BRITISH PAUIFIC RY. SCHEME has received a 
setback from the government of British Columbia, which 
has declined to give the financial assistance requested, on 
the ground that there is not sufficient guarantee as to the 
construction or success of the line, which was to extend 
across British Columbia and the Northwest Territory. 

- 

OIL FOR LIGHTING LOCOMOTIVE FIRES is being 
tried by the Pittsburg, Cincinnati, Chicago & St. Louis 
Ry., as a substitute for cordwood. A bucketful of waste 
soaked with about a gallon of crude oil is put in the fire- 
bex and lighted. Then a small quantity of coal is shov- 
eled in and the blower turned on. By this method an 
engine can be ready in 25 minutes at a cost of about 
3 cts. for oil and waste. 
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THE FILLING OF LOCOMOTIVE TENDER TANKS in 
as short a time as possible is aimed at by Mr. Charles 
Coda, Engineer of the Mediterranean Ry., of Italy, in a 
new arrangement of water cranes. These cranes are 
connected with elevated water tanks which give the de- 
sired pressure, while at busy stations, where many en- 
gines have to be supplied, it is proposed to use two tanks 
connected at the bottom by a pipe across the tracks, 
this pipe ‘being fitted with a valve and hose over each 
track. 





WATER FILTRATION IN PHILADELPHIA has been 
defeated for the present by a vote of 57 for to 49 against 
in the Common Council, two thirds being necessary. 
The proposition was to appropriate $250,000 for “‘one or 
more experimental or permanent filtering plants.” 

ctl Rininnicasial 

DOUBLE FILTRATION IS RECOMMENDED FOR 
Jersey City by Mr. Allen Hazen, of Noyes & Hazen, of 
Boston, as a means of rendering the sewage-polluted 
Passaic a safe water supply. The estimated cost for a 
25,000,000-galion plant is $980,000 for the two sets of 
beds, the first of 25 acres, uncovered, and the second 
of eight acres, covered; $25,000 for 100 acres of land; 
$50,000 for centrifugal pumps to lift about 10 ft., and 
$60,000 for 5,000 ft. of aqueduct to the main pumping 
station, making a total of $1,115,000. The cost per 1,- 
000,000 gailons of operating the filter plant is estimated 
at $3.50 for the first and $1.25 for the second filtration, 
with $1 for the extra pumping, with no allowance for 
fixed charges. The report was made for the Jersey City 
Board of Trade and the Jersey City “Journal.”’ 


— eo — 


A NEW WATER SUPPLY FOR CINCINNATI has been 


reported on by Messrs. John W. Hill, Samuel Whinery 
and Geo. H. Benzenberg. It is recommended that the 
Ohio River be continued as a source of supply but that 
a new intake be adopted above the city. The proposed 
works include two 80,000,000-gallon pumping plants, 
large settling basins, filter beds, a4 clear water basin, 





high surface distributing resérvoirs and the necessary 
mains, the latter to be of cast iron. 

> 
ANCHOR ICE HAS SCOURED OUT the interior of 
the 48-in. steel supply main of Newark, N. J., and 


increased its carrying capacity by about 1,000,000 gallons, 
or a little under 3%. ‘his ice formed at the Macopin 


intake at the head of the main. Its passage through the 
pipe caused discoloration of the water. The flow is meas- 
ured by Venturi meters, one at each end of the pipe 
We are indebted to Mr. Morris R. Sherrerd, Engineer of 
the Newark Department of Water, for the above infor 
mation. 


TYPHOID FEVER AT WINDSOR, ONT., has become 
sufficiently prevalent to lead the Board of Health to 
declare the public water supply dangerous to health and 
recommend a Polarite filter. The Board is reported as 


just having adopted, at this late day, a regulation re- 
quiring physicians to report typhoid fever with other 
infectious diseases. It would be no wonder if an cpi 
demic should spring up urder such a lack of precaution 
for keeping informed of the prevalence of the disease 


It does not appear that an investigation has yet been mad 
which indicates that this may not be a milk instead of a 
water epidemic, but there seems to be evidence that the 
water is liable to pollution. 
> 

THREE BOILERS EXPLODED simultaneously at the 
Pine Ridge Colliery, Miners’ Mills, Pa., on March 19 
One went through a orick wall into the engine room 
and thence into an adjoining coal breaker. The second 
landed in the engine room, where it smashed the hoisting 
drum, and the third took an opposite direction, two- 
thirds of it landing outside on the railway tracks, and 
some pieces of it being thrown 1,000 ft. 
killed. 


No one was 


* 

A DEFECTIVE SAFETY VALVE caused the explosion 
of a boiler at McLarkin's Mill, in Wilcox Co., Ala., on 
March 17, killing three men. The boiler crashed through 
the mil] and buried itself in the earth 400 ft. distant. 


o~ 








A GASOLINE TANK exploded in the purifying room 
of the gag works at Goshen, N. Y., on March 13, doing 
considerable damage. Windows of houses in the vicinity 
were broken by the concussion, and the report was heard 
a mile away. 

AN EXPLOSION OF POWDER MILLS belonging to 
Tafin & Rand, at Rifton, about six miles from Kingston, 
N. Y¥., took place on March 18, killing five men, injuring 
several others and causing a loss of about $25,000. Two 
buildings known as the glazer and the dryer, out of 16 
buildings in the works, were destroyed. 

TWO EXPLOSIONS IN COAL MINES have been re 
ported during the past week. The first was at the Ohio 
and Pennsylvania mine, at West Newton, Pa., on March 
21. The mine was not in operation at the time, and the 
fire-boss and a water-boy went down the shaft to make 
an inspection, carrying a safety-lamp. The explosion took 
place 20 minutes after they descended killing them 
both. The second explosion was at the Berwind-White 
mine, at Dubois, Pa., on March 23. All of the men in 
one of the headings, 13 in number, were killed. 

= > 


A NEW NATIONAL CODE OF RULES for electrical 
construction and operation was discussed at a confer- 
ence of electrical, insurance and allied interests held 
at the rooms of the American Society of Mechanical En- 
gineers, in New York, on March 17 and 18. It was 
attended by delegates from practically all of the nationa! 
societies interested, including electrical engineers, fire 
underwriters, street railway, telegraph and telephone men 
and manufacturers. The codes of the National Electric 
Light Association, the National Board of Fire Uuder- 
writers, the Associated Factory Mutual Insurance Com- 
panies, together with rules of the Phoenix Fire Insur- 
ance Co., and the Board of Trade, both of England, 
were distributed to the delegates, printed in parallel 
columns in a large pamphlet for convenient study, and 
they formed the basis for an extended discussion. A 
permanent organization was formed to be known as the 
National Conference on Standard Electrical Rules, and 
a committee on rules was appointed to report at the 
next meeting, the date of which has not been fixed. The 
committee consists of Messrs. Francis B. Stone, Frank 
R. Ford, William H. Merrill, Alfred Stone, Captain W. 
Brophy, E. V. French and B. A. Fitzgerald. 

> 

A STATE ROAD BUREAU, for the State of New Yorx, 
is proposed in a bill now before the Legislature. The 
State Engineer is to establish this bureau in connection 
with his. own department and he ix ww appoint a civil 
engineer, exp2rt in road construction, to take charge of 
this bureau at a salary of $3,000 per annum and -¢x- 
penses. The first duty of this new officer is to collate 
information relating to the state highways. He is to 
d@’vide the state into divisions of one or more counties 
each and estimate the possible cost of road construction 
in each. He is authorized to obtain from the proper 
county boards or muaicipal officers, before July, 1596, 
the names and descriptions of all highways in thir 
territory, their conditions, etc. 
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AN ELECTRIC INCLINED RAILWAY AT GREAT FALLS, 
MONT. 


The Electric Street Railway Co., of Great Falls, 
Mont., has constructed a somewhat novel passen- 
ger elevator, or inclined railway, at that place, 
operated on the trolley system. It is intended to 
convey passengers from the approach of a sus- 
pension bridge over the Missouri River to the 
level of the railway tracks, about 100 ft. above 
this approach. This bridge connects the works 
of the Boston & Montana Consolidated Copper & 
Silver Mining Co., employing about 800 men, with 
the city of Great Falls. We are indebted to Mr. 
M. 8. Parker, M. Am. Soc. C. E., and Consulting 
Engineer of Great Falls, for the following de- 
scription of the elevator plant: 

Economy‘ in first cost and in operation were rul- 





Fig. 1.—Electric Incline Railway at Great Falls, Montana 


ing conditions. The plant as built includes a 
tramway of standard gage, 400 ft. long, laid with 
45-lb. rails on wooden ties. The angle of the in- 
cline is 22° 10” with the horizontal. Parallel 
with this track is another track of the same gage, 
200 ft. long, intended for a counterbalance car; 
the dead weight of the passenger car being 7,500 
lbs., and that of the balance car and load is 
double this weight. A steel cable, 1 in. in di- 
ameter, is attached to the passenger car, and 
this cable passes around a sheave wheel, 5 ft. 6 
ins. in diameter, placed horizontally at the top 
of the incline between the two tracks. This same 
cable then passes around a sheave of the same 
diameter fixed horizontally in the balance car, 
and thence to its anchorage above. By this ar- 
rangement the passenger car travels twice the 
distance of the balance car. The passenger car 
will accommodate 16 people. 

The motive power used on this inclined railway 
consists of a 15-HP. old-type street railway 
motor (F. 30 single rotor), with an overhead 
trolley. This motor is geared to the rear axle, 
the front axle being connected with the rear 
driving-axle by sprocket wheels and chain. The 
ear is supplied with a friction brake, an auto- 
matic clutch-brake and a clutch-brake applied 
by hand, the clutch-brakes operating upon string- 
ers bolted to the ties. 

This plant was built in August, 1894, to re- 
place a direct-pull drum hoist, without balance 
car attachment. The first plant was slow and 
unsatisfactory. The present arrangement enables 
a round trip to be made in two minutes, and has 
worked excellently since its installation. 

Mr. Parker says that it is the steepest incline 
worked by electric power of which he has any 
knowledge; he had himself designed for this 
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place a rack-and-pinion gear, single-track rail- 
way, worked by two 15-HP. motors, instead of 
the plant here described, which was designed by 
Mr. W. D. Dickinson, the Superintendent of the 
street railway company. Mr. Parker still be- 
lieves that the rack-and-pinion system is to be 
preferred for such work, but the system here de- 
scribed is novel and economical, and is well worth 
putting upon record. 

The views reproduced show the type of car 
employed and the general arrangement of the 
incline. On the right in the second view are seen 
the power wires connecting the smelting works 
with the electric generators, which are driven 
by water power. 
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TROLLEY CARS AND SURVEYING INSTRUMENTS. 


We have received several letters from Mr. 
Charles 8S. Heller, of the firm of Heller & Bright- 
ly, instrument manufacturers of Philadelphia, 
calling the attention of engineers to a new danger 
to the compass needles of surveying instruments 
due fo carrying such instruments in electric cars. 

Engineers frequently set down the cases con- 
taining compasses or transits upon the floors of 
cars, forgetful of the fact that beneath this floor 
are two powerful electro-magnets, which may 
either partially or entirely demagnetize the com- 
pass needle; the damage done bearing a strict 
relation to the distance of the needle from the 
magnets and the length of time this needle is 
exposed to their influence. During the last four 
months, says Mr. Heller, at least 40 transits and 
compasses have been sent to his firm accompa- 
nied with the remark that trouble with the 
needle had followed the transportation of the 
instrument in a trolley-car. The north end of the 
needle would stick to the glass, and under some 
circumstances the polarity of the needle had 
been entirely changed by demagnetizing and re- 
charging so that the north end pointed to the 
south. 

As Mr. Heller explains, a compass needle is 
originally a simple bar of unmagnetized steel 
nicely balanced on a centerpin. When it is mag- 
netized the north end, of course, “dips,” and to 
counteract this dip a few coils of wire are usually 
wrapped about the south end of the needle. It 
is evident, then, that if the needle is demagne- 
tized the effect of the magnetic “dip” is lost, and 
the needle is thrown out of balance, with the 
north end touching the glass. 

To detect whether a trolley ride has effected 
the needle of his compass, the surveyor has only 


FIG. 2.—CAR FOR ELECTRIC 


to try the balance of the needle upon the center- 
pin; if it is balanced no harm has been done. 
If the south end sinks, however, and the north 
end strikes the glass covering the compass, the 
needle has been affected and it should be sent to 
the maker for repair. For this purpose it will be 
sufficient to send the needle only, by registered 
mail. 

Surveyors are advised to enter and leave trol- 
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ley cars by the rear door, and to kee; 
strument as far as possible from the n 
on the rear platform. Under no cir 
should the instrument be set on the 1. 
car; if it must be carried inside the car j 
to put the box on a seat, or on the « 
Neither rubber nor glass will protect 
magnetic effect; though rubber covers ¢ 
against electric currents, as do the rub}. 
ers” placed under all boxes. Needle ins: 
that are kept in modern very high office | 
are also liable to be affected injurious! 
to the presence of electric currents and 
magnets. 

It is also well to remind the engineer ¢ 
needle may be made to stick to the 
static electricity, produced by rubbing 1} 
against the clothes, or with a silk hand 
This effect is easily removed by discharg 
electricity by the touch of a moistened fj 
the glass. This experiment should be fi: 
in the case referred to, and if the troubl. 
remedied by the needle at once resum): 
normal position, then the needle has been 
netized as heretofore explained. 

According to an item in the Philad 
“Record” of Jan. 10, 1896, the U. S. Geo! 
Survey is having trouble in determining th: 
netic variation in Philadelphia. Chief EF 
Webster ordered the variation to be noted, j 
sponse to a request from the officers of the Su: 
But the earth beneath the city is so filled with . 
tric currents that the compass needles beha\: 
in a most eccentric manner. If an electri 
duit happened to be directly beneath the ins! 
ment the needle pointed directly downward. ‘| 
variation desired was finally secured by tak 
the compass to a point in the 35th Ward, far: 
moved from trolley wires and other electri 
fluence. 
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LATE RAILWAY PROJECTS IN CHINA are « 
mented upon as follows by Hon. Charles Denby, U. 
Minister to China, in a letter to the State Department 
The Imperial decree of March 6 authorizes the constrix 
tion of about 70 miles of railway between Tieutsin and 
Lu Kou, eight miles west of Peking. The decree plac 
the work in the hands of Hu Chufen, a protege of Priic: 
Kung, at an estimated cost of about $23,000, gold, per 
mile. High embankments and numerous drains are th: 
only difficulties in the way of construction; and an Ameri 
can engineer lately estimated the cost of this road « 
$20,000 per mile, with rolling stock and equipment con 
plete. It is understood that Mr. Hu is instructed t 
The decree practically order 


employ no foreign capital. 
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the formation of native stock companies for railws) 
building, and this provision outlines the present railway 
policy of China. While the government seems to be now 
determined to exclude foreign capital aud contro!, in 
this connection, the very magnitude of the work under- 
taken and the inefficiency of native methods will ver y 
probably soon compel a change of management anc 
open a great field to foreign railway enterprise. Mr. 
Denby advises Americans to carefully, watch this de- 
velopment. 
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-)NCRETE STORM-SEWER IN BRUSSELS, BELGIUM. 


A VV 

nile American engineers are all the time ex- 

ng their use of concrete, and have applied 
many ways which were hardly thought of a 

n years ago, they still make little use of it 
rks of very large size. In Europe, however, 

se of concrete in place of masonry for large 
tures has become very common. In the city 
:russels, Belgium, some very large concrete 
-ks were carried out last year to carry the 
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yesterday the lower part of the section, the vast line of 
work situated within the enclosure of the Brussels gas 
works. 

In the first place a dyke of enormous piles closes the 
River Senne. At this point an inclined plane 50 ft. in 
length will form the junction of the work with the river 
at the end of a curve of 328 ft. radius and 489 ft. long. 
Above the junction with the river the concrete arch is 
finished and the centers have been struck for a distance of 
350 ft. This arch has a normal section 29.5 ft. in width 
with a height of 4 ft. to the springing line, and a rise in 
the arch of 4 ft. 5% ins. Adding to this the fall of the in- 
vert, say 6% ins., we have then a clear height along the 
axis of 9 ft. This tunnel, lighted from point to point by 
shafts, makes one think of a subway for city traffic. One 
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Section of Double Channel under State Railway. 





Section of Channe! 
under Rue Portaels 


storm flow of the Maelbeek Creek, a stream 
which flows through an important section of the 
city and which carries a great volume of water 
after every heavy rainfall. 

The channel was constructed of different forms 
at different points to suit local conditions, and we 
give herewith cross-sections of these different 
forms (Fig. 1). It will be seen that one of these 
channels has a clear width of almost 30 ft., and 
another has an approximately circular section 
of about 15 ft. diameter. Our illustration, Fig. 2, 
is reproduced from a photograph taken in the 
interior of this channel. 

A remarkable feature of these works is the small 
proportion of cement used in the concrete with 
which they were built. The No. 1 concrete was 
made of 8 parts gravel, 4 parts sand and 1 part 
cement, while No, 2 was made of 12 parts gravel, 
and 6 parts sand to 1 of cement. This latter 
grade, however, is used only for the foundations, 
and it will be noticed that all the work received a 
finishing coat of 1 to 1 mortar. The cost of the 
No. 1 concrete was 24 frs. per cu. m. ($3.56 per 
cu. yd.) and the No. 2 cost 21 frs. per cu. m. 
($3.11 per cu. yd.). The cost of gravel (no pieces 
exceeding 144 ins. diameter) averaged 4.60 frs. 
ber cu. m. (70 cts. per cu. yd.) and sand cost a 
trifle less. The gravel or shingle which forms the 
bulk of the aggregate is preferred to broken stone, 
as it has a much smaller percentage of voids. 

Some further particulars concerning the work 
are given in the following translation of a de- 
scription of the work in “L’Etoile Belge,” of Brus- 
sels, dated April 18, 1895: 


The works for the improvement of the regimen of the 
Maelbeek Creek, lower section, between the Place Ver- 
boeckhoven and the River Senne advances with remarka- 
ble regularity and rapidity. We visited the day before 





FIG. 1.—CONCRETE CHANNEL FOR MAELBEEK 
CREEK, BRUSSELS, BELGIUM. 


would never believe that this considerable work is re- 
served for a capricious little creek, for the most part dry, 
like the Maelbeek. Thanks to the grade, which is 1 in 
250, the flow will respond to the greatest rise in storms 
which can possibly be expected, and all danger of inunda- 
tion is forever dismissed for the future. 

The thickness of the arch at the keys is 23% ins. The 
concrete is composed of 1 part of Portland cement from 
Beerse, with 4 parts of Rhine sand, very rough and quart- 
zose, and 8 parts of the Rhine gravel; which mixture re- 
quires 350 lbs. of cement to a cubic meter of concrete. 
This formula permits of the construction, at the same 
price as ordinary masonry of monolithic works, as solid 
and as unassailable as if they had been cut in granite; 
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the drawings, photographs and information from 
which the above description has been prepared. 
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THE SIZE OF INJECTION PIPES FOR CONDENSERS. 


By A. F. Nagle, M. Am. Soc. M. E., Chicago, Ill 


The size of an injection pipe is governed by the 
height of lift of water and the length of pipe 
As ordinary conditions prevail—i. e., when the 
water supply is near to the condenser, the makers 
of condensers have followed a practice which ex- 
perience has shown to provide pipes of ample 
size; but should the conditions be somewhat dif- 
ferent, the size of pipe provided by makers will 
be found to be inadequate in size. The writer 
has found the size of openings provided by sev- 
eral standard makes of condensers to be too small 
for certain practical conditions, and has there 
fore computed the following table, which would 
guide the engineer somewhat in determining the 
size of injection pipes. It will be observed that 
the length of pipe used in this calculation is not 
very great, and only three elbows are allowed 
for in using this table; this should be borne in 
mind, and the table is only reliable for the con- 
ditions explained herein. The other data within 
the table are self-explanatory, and the engineer 
will find no difficulty in its use. 


Proper Sizes for Injection Pipes. (Computed by A. F. 
Nagle, M. Am. Soc. M. E.) 


(This table is calculated unon the following data: That 
the engine consumes 20 Ibs. cf steam per I. HP. per 
hour; that 25 lbs. of condensing water are required per 
Ib of steam; that the condenser vacuum equals 11% 
lbs., or 26.5 ft.. below etmosphere; that the “total loss 
of head’ equals six times the velocity head, which allows 
for pipe lengths of 75 diameters and three elbows.) 

Condensing water per second equals .014 Ibs., or 
.0167 gallons per I. HP. 


Hot water has to be 


Se We desetecs 8 13 17 20 oy 
Vel. of flow, ft. per 
OO aids Legace ae 12 10 8 6 
Pipe diam., Horse-power 
ins. -—of engine which pipe will supply.—- 
B iv vcieceseveede 145 125 104 83 63 
Moe oc VE cede FD 180 150 120 90 
Bia cowevededé 320 * 276 220 185 140 
OMe sta decye se! 0 370 308 245 185 





FIG. 2.—VIEW OF INTERIOR OF CHANNEL UNDER RUE PORTAELS. 


thanks to the constituents chosen in building the work. 
Let us add that our Belgian cement from La Campine, 
made from the chalk of Vise, surpasses all similar pro- 
ducts from Germany, England and France. 

The arching of the lower part of the Maelbeek is done 
at the cost of the city, which will enjoy the use for the 
gas works, of the ground surface over the arch as well 
as the old filled-up bed of the creek. 


SEESER 


We are indebted to Messrs. Edwin Hall & Co., 
305 Walnut St., Philadelphia, Pa., the American 
agents for North’s Belgian Portland cement, for 
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THE REPORT OF THE NICARAGUA CANAL BOARD. 


The report of Col.Wm. Ludlow, U.S. A.,Mr. M. T. 
Endicott, Civil Engineer, U. 8. N., and Alfred No- 
ble, M. Am. Soc. C. E., who were appointed by 
President Cleveland to examine the feasibility of 
the Nicaragua Canal Company’s enterprise, has 
been issued in a pamphlet of 103 pages, but in so 
limited an edition that it is practically inaccessible 
to engineers generally. We have, therefore, de- 
cided to reprint in full such parts of this report as 
discuss in detail the engineering features of this 
important enterprise, and have added eight addi- 
tional pages to this issue of Engineering News in 
order to do so without encroaching on our regu- 
lar reading matter contents. 

The Board’s report was accompanied by 34 
plans and profiles and 12 appendices, none of 
which have been printed. In order to make the 
report more intelligible to the reader and familiar 
with Nicaraguan geography, we have reproduced 
the best and most correct map of the line of the 
canal that we have been able to secure and pre- 
sent it herewith. Among the appendices omitted 
in the printed report are records and a summary 
of river-gagings, rainfall observations, the Sera- 
piqui River reconnoissances, notes on volcanoes 
and earthquakes in Costa Rica and Nicaragua, by 
Prof. Henry Pittier, correspondence with the 
canal company, etc. 

From the prefatory matter it appears that the 
Board arrived at Greytown May 13 and sailed 
from there on June 24, the intervening time being 
spent in an examination of the canal route. The 
Board also inspected the Costa Rica Ry. and the 
Panama canal works, and returned to New York 


July 21. The following months were occupied in 

the preparation of the report. 

GENERAL PHYSICAL DESCRIPTION OF NICA- 
RAGUA., 


Characteristics of the Nicaragua Basin. 


The cordillera or mountain ridge that divides the Pa- 
cific drainage from that of the Atlantic, Laving crossed 
the northwest boundary of the state of Nicaragua and 
reached a point about 35 miles north of Managua, sepa- 
rates into two branches. The eastern divide, continuing 
the general southeast course, parallel with the northeast 
shore of Lake Nicaragua, afd 20 miles distant from it, 
bears directly toward Greytown, on the Caribbean coast; 
sending a spur across the San Juan Valley at Ochoa, 
and terminates on the borders of the San Juan delta. 

The western divide, first inclining southwest for about 
5O miles toward the Pacific, heads Lake Managua, and 
thence goes southeast parallel with the Pacific coast, 
at an average distance of 10 miles, to connect with the 
main divide in the high ranges of Costa Rica. The rec- 
tangular basin, inclosed on three sides by the two divides, 
has a length northwest and southeast of, roughly, 200 
miles, with an average width of about 60 miles, and an 
approximate area of 12,000 square miles, covering 
Lakes Managua and Nicaragua and the territory drain- 
ing into them. 

There are no maps of Nicaragua based on accurate 
surveys, and searcely any two agree. The distances, 
areas, etc., noted may, therefore, be considerably in 
error. Lake Managua has a length of about 35 miles 
and a maximum width of 20, and discharges into Lake 
Nicaragua across the neck of land 14 miles wide that 
separates them, through the Tipitapa River, which has 
a length of 23 miles and a fall of about 25 ft. from one 
lake to the other. During the dry’ season the visible 
outflow from Lake Managua disappears and the bed of 
the Tipitapa is dry, and such surplus of supply over 
evaporation as may exist must escape through fissures 
in the rocky bed, Lake Nicaragua has a length of 110 
miles and a maximum width of 45, and an area ot 
about 2,700 sq. miles. The only outlet for the drainage 
of the basin is the San Juan River, which leaves Lake 
Nicaragua near its southeast end, and discharges through 
the several channels of the delta which it has built out 
into the Caribbean Sea. 

The San Juan is a fine stream of large volume even 
at low water, an average width of 300 yds. and total 
length of 120 miles, flowing between stable banks clad 
with dense tropical vegetation, and is navigable for 
river steamers throughout its length, with the excep- 
tion of some rapids in the — portion that at low 
stages interrupt the passage of boats. The valley of the 
San Juan on the north is limited by the east diviue 
until the head of the delta is reached. It is therefore 
narrow and hilly and the affluents small. On the south 
side the conditions are reversed. The drainage area is 
bounded by the lofty crest line of the Costa Rican range 
40 or 50 m‘les distant; the streams are large and tor- 
rential and in times past have brought down great quan- 
tities of sand and volcanic detritus. In the upper reaches 
between the rapids the current ‘s moderate, the bottom 
firm, and the water clear, but these characteristics change 
from where the San Carlos comes in, below which the 
bed of the San Juan River is of sand and the current 
turbid and strong. The main volume of the river reaches 
the sea through the Colorado, leaving little more than 
10% to reach Greytown by way of the lower San Juan. 

Lake Nicaragua is notable for its general dimensions, 
for the moderate elevation of its surface above sea 
level, and for the proximity of its west shore to that of 
the Pacific. The strip of land separating them is at the 
narrowest but 12 miles across, and at one point on 
the divide the elevation, 154 ft. above sea level, is less 
than at any other that has been discovered on the isthmus. 
These facts, in conjunction with the navigability of the 
San Juan River, which furnishes access to the lake from 
the Caribbean and permits vessels to reach a point so 
near to the Pacific, have from the earliest times at- 
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tracted attention and given prominence to the Nica; 
route as a feasible means of communication aero: 
isthmus, 

The lake has not been surveyed either for coas: 
or piesrarhe, but enough is known to warran; 
conelusion that its general depth is ample for aj) 
poses of navigation. At the southeast end, behing 
Solentiname group, the shores are low and the lak. 
comes shallow, with a soft bottom. At 14 miles 
shore the soundings show 22 ft. at mean low lak. 
an to 6 ft. a mile from Fort San Carlos. » 
the San Juan has its outlet. 

The geologic history of the Nicaraguan basin {< 
secure. Glacial action, submergence, emergence, yo! 
eruptions, and seismic convulsions have all played ; 
part in the tumultuous and chaotic past, to confus: 
record and puzzle the observer of to-day. There is , 
reason to believe that, so far as the more violent 
nomena are concerned, which were centralized alon, 
line bordering the Pacific, now marked by the rany 
peaks at frequent intervals, the forces that prod 
them are practically exhausted. The latest volcani: 
burst of any moment was 125 years ago, when the 
eano of Masaya, 15 miles northwest of Granada, po 
a stream of lava 10 miles toward Managua. Momoto: 
rising 6,000 ft. above sea, on the north shore of |. 
Managua, 90 miles distant from the canal route, 
some of the still loftier Costa Rican volcanoes, 60 1» 
or so southeast from Lake Nicaragua, still give evid: 
of a moribund vitality; but the intervening peaks «. 
almost if not quite at the point of extinction. 

As far as earthquakes are concerned, it is true 
tremors occur from time to time, as in other count: 
our own for example; but for a very long period +} 
has been no such destructive action in Nicaragua 
accompanied the Charleston earthquake. There se: 
no reason, therefore, to apprehend a disturbance seri 
enough to imperil the stability of canal constructi 
at least any of such moment and imminence as wo 
warrant the abandonment of the enterprise, if in oth. 
respects its execution were deemed advisable. 


Harbors. 


The west coast of Nicaragua has excellent harbors, | 
best of which, however, viz., the Gulf of Fonseca and 1). 
bay of Salinas, lie at the territorial limits of the sta: 
The principal one is Corinto, in the northern provi: 
of Chinandega, wkence there is communication by ra 
and steamboat with Managua and Granada. San Jua 
del Sur, eight miles southeast of Brito, is small ani 
with steep slopes inland. Brito is merely an indentatio: 
in the coast line at the mouth of the Rio Granue. 

On the Caribbean coast the principal harbor is Blu: 
fields, about 70 miles north of Greytown, where ther 
is an ample inclosed bay, and the Bluefield River is nav: 
gable for a long distance inland. A railway is projected 
from the head of navigation to reach San Ubaldo, on th: 
east shore of Lake Nicaragua. The condition of what 
once was the harbor of Greytown is elsewhere stated i 
this report. The mouth of the Colorado has a depth 0! 
8 to 12 ft. on the bar and ample harborage inside, but 
the entrance is a shifting and dangerous one, comp! 
eated by the powerful current of the river and the de 
tritus carried down by it. The range of tide in the Carib 
bean is about 15 ins., and at Brito, on the Pacific, abou: 
9 ft. As nearly as has been determined, the mean sea 
level is the same in both. 


Rainfall. and Drainage 


The most serious problems affecting the design and 
construction of a canal system at the present time ar¢ 
those involved in the heavy rainfall and consequent dis- 
charge from the lake and streams, whose variations 0! 
surface and volume must be taken into account. On 


_these points the existing data are seriously defective, 


both in respect of number and continuity. There is « 
rainfall record at Greytown for the three years, 1%!) 
1891 and 1892, which shows a mean of 267 ins., a 
maximum of 297, and a minimum of 214. A record at 
Rivas, on the west side, kept by Dr. Flint, an American 
resident, for the years 1880 to 1894, gives a mean of 6 
ins., a maximum of 105 and a minimum of 32. In ad- 
dition to these, there is reliable information of precipi- 
tations of 3 ins. in an hour, of 9 ins. in 9 hours, and 
35% ins. in 8 days. A record of nearly 25 ft. of water in 
a year on the Caribbean coast, diminished to 5% ft. 
between the lake and the Pacific, needs no comment to 
indicate the important results that must ensue with 
reference to matters of local drainage and engineering 
constructions. It would be of value if intermediate 
points had been occupied, and the diminution of rainfall 
traced from Greytown to Brito, but the observations in 
this respect are scattering and unsatisfactory. ; 

The height, cross-seetion and volume of cuts, dams 
and embankments, and the dimensions of locks, weirs 
and sluices to be constructed for the maintenance and 
utilization of the summit level, the precautions to be 
taken to make these works secure, and the loss in ele 
vation of water surface due to droughts or deficiency— 
all these depend for their determination upon the fulles( 
and most precise gagings of all the water courses con- 
cerned, following their variations of volume and ve- 
locity throughout their range; and, even with these most 
carefully ascertained, allowance would still have to be 
made for possibilities occurring at Pe en This 
information has not been secured. ie survey by 
Colonel Childs in 1851, and that by Commander Lu! 
in 1873, made some during the brief period of 
the field work, but took account mainly of low-water 
data only, to determine if there was a sufficient supply 
for an ordinary low-level canal. The canal company has 
omitted attention to these matters, and made no careful 
gagings at any point, and this omission is the more to Be 
regretted, because the company’s project calls for the 
construction of numerous dams and embankments of 
magnitude, some of them without precedent in en ineer- 
ing practice, and all involving serious hy raulic 


roblems. 
PEWhile the variations of precipitation are great, the 
average annual cycle in Nicaragua is fairly simple. 
The 1 follows the sun; greatest when passing the 
zenith; when farthest north, least when farthest 
south. This gives a “wet season,” nning in late May 


r early June, culminating in July and A diminish- 
tnd in September, increasing n in and No- 
vember, and falling off in December. From January 


, inclusive, is the “dry season,” a nominal one 
bs Bohowe. where rain =. rat any day in the 
ee ths Sas enintall will be small or inter- 


eral mon 
mitted Se Ee In the former the 


humid later it may be Gry aed Parekh 
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Climate. 


ec of Nicaragua is commonly misunderstood, 
wr ized that every summer in the United 
‘3 gives a thermometric record higher than at any 
\n Nicaragua, where it seldom exceeds 90° or falls 
» 70°, making an average range of about 20°. These 
eratures, which re t what would be a moderate 
er heat in the United States, in Nicaragua con- 
throughout the year, and it is this fact, in con- 
tion with the h humidity, that so seriously re- 
; the value of physical labor in the Tropics. The 
winds blow from the sea with a mild persistence 
is very grateful in the shade, but pro onged ex- 
i is exhausting, and the net product is much less 
“in temperate zones. It is important that account 
bis fact be taken in estimating for the cost of the 


A. 
e n of healthfulness must also be referred to 
ne Se There seems little reason to believe 
: the general conditions in Nicaragua involve any 
ial rate of mortality. So far as statistics are at- 
nable, they indicate healthful conditions and the ab- 
ce of epidemics, There has never been any yellow 
er at Greytown, for example, except when imported, 
4 those cases were readily isolated and cured. The 
evalent diseases are mild types of remittent and inter- 
tent fevers, occasionally of a pernicious and fatal type. 
ere is no typhoid. Consumption is rather frequent, 
| skin diseases common among the natives. 
rhe causes of this comparative exemption from the 
irses of other tropical climates are probably two: The 
rade wind blowing with much steadiness landward con- 
.tantly renews the atmosphere with the sweet sea air, 
snd carries off or dilutes unsanitary emanations. The 
‘eavy rainfall washes the air and furnishes an abund- 
-nce of fresh drinking water condensed from the ocean 
apors. 
yi ure water and pure air and a moderate equable 
onan the hygienic conditions are certainly favor- 
able.and only human ignorance and neglect of sanitary pre- 
autions would cause an excessive mortality. These are the 
normal and natural conditions, which, however, may be 
vreatly modified when excavations are made, the rich 
humus, charged with decomposing vegetation, ex ; 
and the malarial fungoids taken up by the atmosphere. 
It is in these conditions that have occurred the heavy 
death rates on the Panama Railway and Canal, and, as as- 
ertained the Board, on the line of the Costa Rica Rail- 
way from Port Limon to San Jose. The natives suffer 
from these artificially produced endemics or epidemics as 
well as foreigners, and, as might be expected, it is the 
Jamaica negro who comes nearest to securing exemption. 
When the railway was building, great drafts were mak- 
ing on the Jamaica population for the Panama Canal, 
and labor was sought elsewhere. The United States 
negroes were neither procurable in sufficient numbers 
nor adapted to the climate. The Chinese imported are 
stated to have died like sheep, and of a large number of 
Italians brought in but a small proportion ever returned. 
In case of building the Nicaragua Canal, it will be 
needful probably to call upon the population of Jamaica 
for the necessary labor. This is represented to be 
about 400,000, and 15,000 or 20,000 could be brought oes 
under contract. They make good laborers when on 
handled and controlled, as compared with other in vm 
tants of the Tropics, and adapt themselves more rapidly 
to new conditions. The Nicaraguan natives are won 
effective for wark to which they are unaccustomed. They 
make excellent rters, woodsmen and river Me ne 
but for labor with pick and shovel or a barrow apo 
be found undesirable and probably not procurable at a 1. 
For the working camps, the sanitary requisites would 
be an ample supply of fresh rain water delivered on the 
ground, and food, with plenty of plantains he 
fruit; shelter and dry floors, dry bedding, ample bathing 
facilities, and no grogshops. 


GENERAL DESCRIPTION OF THE NICARAGUA 
CANAL PROJECT. 


now under consideration is a gradual 
nee ee successive investigations made at in- 
tervals during the past fifty years, and, for a better 
understanding of the matter, the history of these may be 
briefly reviewed. 


The Childs Project—1852. 


The first authentic survey and actual location of a 
canal route across Nicaragua were made by Col. 0. M. 
Childs in 1850, 1851, and 1852, at the instance of the 
then existing Transit Co., which had established trans- 
isthmian communication with California by steamer from 
Greytcwn via the San Juan River to Virgin Bay on the 
west shore of Lake Nicaragua, and thence by stage to 
San Juan del Sur, a small natural harbor on the Pacific 
coast, about eight miles southeast of Brito. The river 
navigation proved troublesome and uncertain at low 
stages, and the Transit Co. sought means to better these 
conditions, and to continue the water route across the 
narrow neck of land that separates the lake and the 
— with the object of securing a continuous depth 
of t. 

Colonel Childs, an expert canal and railway engineer, 
of high repute in his day, was engaged to make the sur- 
veys, and his report, which has constituted the basis of 
all subsequent investigations and is still a valuable source 
of original information not elsewhere found, evinces the 
thoroughness with which his work was done. He ex- 
amined the several possible routes between the lake and 
the Pacific, and decided in favor of a line via the Rio 
Grande and Rivers—the former an ocean and the 
latter a lake juent, between the head waters of which 
the divide was lower and the route more practicable than 
at any other point. The line determined Brito, at the 
mouth of the Rio Grande, as the Pacific terminus, not- 
withstanding its lack of natural advan’ as a harbor. 

Childs found the ordinary high level the lake to be 
about 108 ft. above mean sea level, and proposed to 
hold it at that elevation by means two 
Buen Retiro, in the Rio Grande alley, 
of the lake, and the other at Ilo, in 
the San Juan, 37% miles east of the lake. 
across the lake from the mouth of the Lajas to Fort San 
Carlos, where the 
tmailes, the total len: 
To continue the canalization of the San Juan below Cas- 
tillo were six more dams, the lowest at a one- 
half mile below A mouth of the and 91 
miles from the 
‘he river and follow its left bank to Greytown 


that 
The difference of elevation between summit and 
level was to be overcome by 14 locks om each side, with 


a9 
F 
4 
i 


@ maximum lift of 8 ft. The total length of the pro- 
posed navigation was 194.4 miles, made up as follows: 


Miles. 

Canal between Brito and the lake shore.......... 18.6 
Across lake, Lajas to San Juan River....:......... 56.5 
Slack water in San Juan by seven dams.... ...... 90.8 
Canal to 17 feet water in Greytown...... ........ 28.5 
OCP LET ay i, PMT rel ee re 194.4 


width of the canal 50 ft., increased to 90 ft. at turn-outs, 
and of excavated channels in river and lake 150 ft. 
The total estimated cost of the project, including 15% 
for contingencies, was $31,538,319, based on the suppo- 
sition that on the average the expense for construction 
would be about double the cost of similar work in the 
State of New York. In a supplementary report, Colonel 
Childs provided for raising the summit level 3 ft. higher, 
viz., from 108 to 111, by making a corresponding in- 
crease in the height of the terminal dams at Buen Retiro 
and Castillo, with the object of reducing the cost of 
deepening the navigation in the upper 37 miles of 
river and out to deep water in the lake. 


The Lull Project—1873. 


In 1872 a United States Government expedition was 
fitted out for the re-examination of the Childs route. 
The final report of the exploration, including location and 
estimates for a canal, were made under date of December 
1, 1873, by Commander Lull, U. 8. N., with whom 
was associated as chief civil engineer Mr. A. G. Menocal, 
the present chief engineer of the canal company. 

The Lull project contemplated a canal of 26 ft. depth. 
It lowered Childs’s summit level to 107 ft. and on the wesc 
side, instead of the Lajas, adopted the valley of the Medio, 
a lake affluent 3% miles to the northward, as a means 
of reaching the valley of the Rio Grande, which was 
thence followed to Brito. The Medio had a much 
higher divide than the Lajas, involving more excavation, 
but was a trifle shorter, and belleved preferable as a 
means of avoiding interference with the canal by the 
discharge from the upper valley of the Rio Grande. For 
the ascent to the lake, 11 locks were projected, with a 
maximum lift of 10% ft. For the canalization of the 
San Juan 4 dams were to be built: the uppermost at 
Castillo, the lowest at a point 66% miles from the lake 
and 1 mile below the mouth of the San Carlos River. 
To avoid complications from the discharge of this im- 
ee stream, it was proposed to cut a new channel for 
t to the San Juan River below the dam. The canal 
was to leave the river at this point and follow the left 
bank to the outlet of the San Juanillo, and thence to 
Greytown by an almost direct course. Ten locks of 
maximum lift of 10.87 ft. furnished the means of descent 
from the lake to the Caribbean. 

The total length of the Lull summit level was 102 
miles, and of the navigation from Brito to Greytown 
181% miles, made up as follows: 


Miles. 
Canal from Brito to lake at mouth of Medio...... 16% 
Across the lake, Medio to San Juan River.......... 56% 


Slack water in the San Juan f 
short canals...... ae 


Canal to Greytown... d ae bs Te : . cue ore 2 
POON te Bed dd a oka s Cody toro ee eth 181% 


The locks were to be 400 by 70 by 26 ft., the bottom 
width of canal 50, 60, and 72 ft. in different sections, 
of speennt river channel 80 ft. and lake channel to 

As Greytown Harbor had been destroyed since Colonel 
Childs examined it. the cost of its restoration, including 
an item of $100,000 for shutting off the Lower San Juan 
River from the harbor, was estimated at about $2,500,000, 
and the estimated cost of the entire project, including 
25% for contingencies, was $65,722,147. The instrumen- 
tal work by the Lull survey was not adapted to much 
more than a preliminary location, the levels were not 
checked, and for the 66% miles of river to the lowest 
dam below the San Carlos the transit and level line 
covered about 26 miles only, the remainder being run 
with a gradienter, used by the hydrographic party under 
Lieutenant Miller, U. S. N. The unit prices used in 
computing cost, as is to be inferred from a statement 
in the report by Mr. Menocal to Commander Lull, were 
apparently based on the supposition that they would not 
exceed those for similar work in the United States. 


Mr. Menocal’s Project—1&85. 


In 1885, Mr. Menocal, under government direction, 
made a partial re-examination and location, and the 
results are given in his report of November of that year. 
The project was for a depth of 28 ft. and in some p 8 
30 ft. m the west side the route adopted was substan- 
tially the original one of Childs via the Lajas and Rio 
Grande, provision being made for the diversion of the 
upper course of the latter stream. The summit level 
in the lake was to be raised to an elevation of 110 ft. 
above mean sea level, and this height overcome by four 
locks with a maximum lift of 33 ft. 

For the canalization of the San Juan a bold measure 
was proposed, viz., the construction at Ochoa, a 
point 3% miles below the San Carlos River and 6y 
miles distant from the lake, of a dam in the San Juan 
River which would have a height of nearly 60 ft. above 
water surface, and by flooding the valleys of the San 
Juan and San Carlos convert them into an extension cf 
the lake itself, when¢e the canal could abandon the river 


Sein and eastward at the higher elevation di- 
rectly toward Greytown. 


To provide both for the maintenance of the lake level 
at 110 ft. and for the discharge of the San Juan, a 
slope of 4 ft. was assumed for the entire distance, and 
it would therefore be at the elevation 106 ft., or about 
60 ft. above the river at low . that the canal would 
leave it and carry the water level eastward. In order to 
do this it would be necessary to build extensive dams 
the valleys of several small streams, the San 
Francisco being the largest, which discharge into the San 
Juan, and convert them into basins connected by short 
lengths of canal, and beyond these constructions to cut 
through the eastern divide, with a maximum depth of 
about 320 ft., in order to reach the valley of the Deseado, 

oward Greytown. The distance through the 

cut 12 miler, and through the divide cat’ thees malloc, 
e e div cu ree . 
made in the Deseado Valley to sea 
one of which has a lift 
“thie ‘ia expansion of ae ae . 

y ro, a 
terial shortening of the line would be effected, as 


The total distance from Brito to Greytown is stated 
at 169.8 miles, made up as follows: 


Miles. 
ID Nad 6G 450 cece eins ede ncees oe occu See 
Lake Lajas to San Juam ... 2.2... ccc cc cece cese ees COW 
Slack water in the San Juan................ oo C6. 
San Francisco Basin Ochoa to eastern divide...... 12.01 
Cut through the eastern divide. .... cin mall . 8.00 
ee Te PINOT <5 6.0 aWiediGe cebu cece sawseee . 16.48 


The total length of summit level is given at 144.8 miles. 

A discrepancy in river distance between the lake and 
Ochoa, more particularly referred to hereafter in the 
detailed account of the river navigation, occurs first in 
the report of 1885, and calls for an addition to the 
length of summit level, and to the entire navigation of 
about four miles. Lull used about this length of short 
canal in the river, and deducted it from the river navi- 
gation proper. This reduced river length has by inad 
vertence been carried forward into the 1885 and subse 
quent reports as the total length of the river navigation. 
Making the correction the summit level would be about 
149 miles and total navigation from sea to sea 174 miles. 
As designed in 1885, the locks were to be 650 by 65 by 
29 ft.; the bottom width of canal S80 ft., increased at the 
terminals to 120 ft.; of excavated channel! in river 125 ft., 
and in lake 150 ft. 

The estimated cost of the project, including 25% ter 
contingencies, was $64,036,197; but the item for con- 
tingencies is made to include the cost of surveys, hospi 
tals, shops, management and other necessary expenses, 
in addition to the construction contingencies proper. 
It is admitted in the text of the report that the cost of 
work in Nicaragua should be estimated as greater than 
in the United States, but the unit prices adopted do 
not indicate that the necessary allowance has been made 
in all cases. No borings were made to ascertain the 
depth of foundation, presence of rock, distribution of ma 
terials, etc. The Ochoa Dam was to be built of concrete 
with foundations 20 ft. below the river surface, the 
depth of water varying from 6 to 17 ft., but the nature 
of the subjacent river bed was not ascertained, nor 
was it then known that to retain the water level in the 
San Carlos Valley at 106 ft., an extensive system of em- 
bankments would be required along its easten watershed, 


Canal Company’s Project—1X890. 


Under the direction of the company, eight survey parties 
were employed from Dec . 1887, to June, 1888, when the 
number was reduced to two or three. A still larger force 
worked from the spring of 1889 to the summer of 1890, 
when the parties were gradually dispensed with, and 
the last one withdrawn in 1891. Borings were continued 
to as late as 1893. The eight parties comprised six land 
parties, one hydrographic party and one boring party. 
Borings were made along the line of the canal; the 
western division, lake to Brito, was relocated, and Grey- 
town Harbor surveyed. Brito Harbor and the east and 
west sides of the lake were examined and the San Carlos 
Valley and east crest line explored. A low-level line in 
the San Juan Valley was located eastward from the 
Ochoa Vam, but most of the survey work was directed to 
developing the difficult topography over the high-level 
line through the San Francisco Valley and the cast 
divide cut along the line originally proposed by Mr. 
Menocal in 1885. 

The resulting project as set forth in the final report 
on location by the chief engineer under date of January, 
1890, and further elaborated in a paper prepared by 
Mr. Menocal for the Chicago Water Congress in 1893, 
is substantially that of 1885, with some modifications 
and an important addition. Additional basins and dams 
are added in the Deseado Valley east of the divide cut, 
provision is made for embankments along the east crest 
of the San Carlos Valley to retain its flowage line at an 
elevation of 106 ft., and most important of all, the exten- 
sion of the summit level westward from the lake is 
provided for by the construction of another high-level 
dam at La Flor, a contracted point in the Rio Grande 
Valley 3.8 miles from the Pacific, converting the valley 
above into a basin 4.6 miles long at the lake level, and 
making a corresponding reduction in the length of ex- 
eavated canal. 

The elevation of the summit level is retained at 110 
ft. and its length increased tc 153% miles, the totai 
distance from Brito to Greytown being 169% miles. 

The company’s surveys, other than the borings, were 
mainly topographical and did not include the procuring 
of hydraulic data. Few gagings of value were made for 
this purpose, and there was no survey of the San Juan 
at all, or endeavor to ascertain its regimen, or of that 
of the lake. 

The total cost of the canal is stated in the company’s 
estimate of 1890 at $65,084,176, including 25% for conun- 
gencies, which, however, as in 1885, cover the cost of 
shops, hospitals, and management also. The unit prices 
used are in general somewhat less than those of 1885. 
The company’s estimates include an item of $275,000 
as representing the cost of a canal to connect Lakes 
Nicaragua and Managua via the Tipitapa River. The 
connection constitutes no portion of the ship-canal pro- 
ject, and has not been investigated by the Board. Its 
appearance in the company’s schedule is due to a 
requirement in the concession from the Nicaragua govern- 
ment. There are no estimates of the damages that may 
be incurred by reason of the submergence of lands, and 
in the absence of any data the Board has not endeavored 
to ascertain what amount should represent this item. 

Subsequent to the final report of 1890 several important 
changes have been made in the project as indicated In the 
Chicago paper above referred to, in the Board’s corres- 
pondence and interviews with the chief engineer, and 
otherwise. These may be briefly referred to. The company's 
recent publications make the lock width 80) ft. instead 
of 70 ft. This is an error, as, for the present at least, 
the 70-ft. dimension is retained. The position of lock 
3, east of the divide cut, and terminating the summit 
level, has been moved westward to a better location, 
and the dam is to be of concrete, with a sluice in it 
The maximum lift of locks ix reduced to 40 ft. The east 
divide cut is widened from 80 to 100 ft. The dams and 
embankments of the Deseado and San Francisco basins 
are to be of clay instead of rock fill, and are not to 
be used as weirs for surplus drainage; sluices and sep- 
arate weirs being proposed for that purpose. 

The height and volume of the embankments has been 
greatly augmented and extensive excavations added for 
foundations in mud bottoms. The cube of the Ochoa 
Dam has been increased one-half, and concrete sluices 
have been provided for the San Carlos Ridge The rock 
eut through the west divide has, like that in the east 
divide, been widened from 80 to 100 ft. A concrete core 
wall is added to the La Flor Dam and a separate waste 
weir provided, and the estimates for the western division 
locks largely increased. 
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As these modifications call for large additions to the 
quantities and cost scheduled in the detailed estimates 
of 1890, the company, at the request of the Board, re- 
vised the data, and the result is given in the accompany- 
ing table of estimates of date 1895. (Not reprinted.—Ed.) 
The total cost of the project as now estimated by the 
company is $66,796,800, about $1,700,000 In excess of the 
total of 1800. 

On comparing the two schedules, it is seen that, 
while important enlargements of and additions to the 
proposed works have been made, the increase in total 
cost is in much less proportion by reason of reductions 
in the assumed unit prices and in the item for contingen- 
cles. If the quantities estimated in 1895 are computed 
with the same unit prices as in 1890, and the same 
allowance be made for contingencies, the cost of the re- 
vised project will be $78,427,534 instead of $66,796,800, 
an increase of $11,630,000. The matter of unit prices has 
been carefully considered by the Board in the light of 
all the information that could be obtained, and its table 
of estimates indicates the result, the matter being more 
fully discussed elsewhere in this report. 

It must be noted, however, that the company has made 
no final detail or construction drawings so far as is 
known, and genera! data are relied upon for computing 
cost; the only specifications dyafted are those for the 
dredging work and the particulars as to this are in some 
cases lacking in defirniteness. 

The Board does not believe that in the circumstances 
affecting the cost of work in Nicaragua, climate, rainfall, 
enforced importation of labor and material, absence of 
local, mechanical and other facilities, etc., and with the 
experience gained in similar work at Panama and in 
Costa Rica, the unit prices adopted as the basis for 
computation could be safely reduced. 

The several portions of the canal project will be dis- 
cussed in detail under separate heads, beginning at Grey- 
town and proceeding westward. For convenience, three 
general designations will be used: 

(1) The eastern division, from the Caribbean to the 
San Juan River at Ochoa. 

(2) The lake and river division, from the Ochoa Dam 
to the west shore of the lake. 

(3) The western division, from the lake to the Pacific. 


REGULATION OF SUMMIT LEVEL. 


In the project of the company the lake is to be main- 
tained at a minimum elevation of 110 ft. above mean 
tide by means of the Ochoa Dam and the embankments 
in the San Carlos Ridge and along the line between 
Cchoa and the east divide After the construction of 
these works it is expected that the river at extreme low 
stage will have a fall of 4 ft. from the lake to the Ochoa 
Dam, a distance of 69 miles, giving a minimum elevation 
of water surface at the dam of 106 ft. The heights of the 
dams, embankments and regulating weirs are deter- 
mined with reference to this elevation. In the report 
of 1890 the discharge from Lake Nicaragua at its lowest 
stage is said to be 11,390 cu. ft. per second, and Colonel 
Childs is quoted as authority for an estimate of high- 
water discharge of 18,059 cu. ft. per second. With these 
data a calculation is made, using the numerical mean of 
the two results to show that there will be a much larger 
water supply than required for canal purposes. Both 
the data and the method employed in this calculation 
are incorrect. 

All the gagings of the San Juan River of which the 
Board has been able to find record are a series of gagings 
made at different points along the river by Colonel Childs 
in 1851; of a similar series made by Commander Lull 
in 1873; of a single gaging made by the canal company 
in 1888, and of two gagings made by the Board in 1895. 

All the measurements of the iichoren of Lake Nica- 
ragua have been made at low stage, but none at the low- 
est. The gagings of Lull and Childs at this puint agree 
as nearly as can be expected of gagings made hurriedly 
and at such a long interval of time. The stage of the 
lake at the time of Lull’s gaging, 102.28 ft. above mean 
tide, has been erroneously accepted by the company as 
extreme low water. At the time the gaging at Fort 
San Carlos was made by the Board, May 26, 1895, the 
stage was 101.8 ft., and the measured discharge 9,420 
cu. ft. per second, which accords very. well with the re- 
sults of Childs and Lull. A lower stage than this, how- 
ever, has been of record more than 20 years. On the 
2d of May, 1872, according to Lull’s profile, the lake 
was 100.87 ft. above mean tide. Still lower stages have 
been reported; the officers of the ‘‘Victoria,” a steamboat 
plying on Lake Nicaragua, showed to the engineers of 
the canal company a low-water mark whose elevation 
was 98.6 ft.; this was confirmed by residents at the 
head of Tisma Lagoon, near the mouth of the Tipitapa 
River, at the head of Lake Nicaragua, who pointed out 
a ledge of rock extending across the river which has 
been bare; its elevation is 98.5 ft. The very lowest stage 
known, observed at Granada, on the west side of the 
lake, is reported by Mr. Wm. Climie, an English civil 
engineer, who has resided in Nicaragua for many years. 
Mr. Climie reports a stage of 96.6 ft. above mean tide. 
This report, coming from a trained civil engineer, is 
entitled to great weight. 

No measurement was made of the discharge of the 
lake at any of these low stages, but calculations indicate 
a discharge of 5,800 cu. ft. per second at the stage re- 
ported by the officers of the “Victoria” (98.6 ft.),and 2,400 
cu. ft. per second at the lowest stage reported (96.6 ft.). 

These data as to low water discharge are not, however, 
sufficient for the solution of the problem of the main- 
tenance of lake level. For this purpose the lake must 
be treated as a reservoir. [f the inflow during the dry 
season is less than the amount lost by evaporation, plus 
the amount required for canal purposes, water must be 
stored on the approach of the dry season and the surface 
of the lake raised above the established minimum stage. 
There is hardly any definite information as to the amount 
of water received by the lake during the dry season. 
Lull’'s gagings, made at several points on the San Juan 
in 1878, when the river was at low stage, showed that 
the tributary streams added little to its volume. 

From the Atlantic coast, where in ordinary years there 
is no dry season. to the Pacific, where in ordinary years 
very little rain falls for five months, there is a more or 
less graduai reduction as regards rainfall, varied by the 
presence of heavily forested districts and ranges of hills 
and mountains. The mean annual rainfall at Greytown 
for three years (180, 189] and 1892) was 267 ins.: at 
Rivas, between Lake Nicaragua and the Pacific, the 
mean for the same years was 50 ins. No rainfall obser- 
vations have been made between Rivas and the east 
divide, except for periods of a few days, and the rain- 
fall on the eastern watershed of the lake is not known. 
There is, however, a dry season, although shorter than 
on the west side. It may be assumed, although with 
much uncertainty, that on the east side of the lake 
the dry season continues for four months. For a con- 


siderable time after the beginning of the dry season the 
streams continue to flow, their discharge tecoming less 
and possibly ceasing altogether. For the rresent pur- 
pose it is assumed that during a period of two months 
the streams are dry, the lake receiving no water what- 
ever. In order to make an estimate of the amount of 
water to be stored before the opening of the dry season 
account must be taken of the evaporation end require- 
ments for lockages and leakages. 

The rate of evaporation in the dry season on _ the 
Isthmus of Tehuantepec was ascertained ty Capt. Shu- 
feldt to be 0.19 in. per day. On the Isthmus of Tarien 
it was found by Commander Selfridge to be 0.20 in. 
per day. The latter rate will be adopted here for Nica- 
ragua. For calculating the amount required for lock- 
ages it is assumed, as in the company’s estimate, that the 
maximum traffic through the canal will be 32 vessels 
per day. If all were moving in one direction each would 
require two lockfuls, less the submerged volume of the 
vessel; if moving alternately in opposite directions each 
would require one lockful, les: :he submerged volume 
of the vessel. The mean may he ta<en neglecting the 
volume of the vessel, or one and one-ialf locrfuls for 
each; then, the maximum lift of the lock on the At- 
lantic side being 40 ft. and on the Pacific side 47% ft., 
and the lock chamber being 670 /t. icng and 80 ft. wide, 
there will be required ser A4ay 102,969,400 cu. ft. This 
amount, divided by the area of the stumiit level, in 
square feet, will give the daily lowering of the summit 
level in consequence of lockages. 

The area of the lake is taken at 2,700 sq. miles; the 
area of the San Juan between the lake and the Ochoa 
Dam, plus the area of the smaller valleys and basins 
submerged, will be about 110 sq. miles, making the total 
area of the summit level 2,810 sq. miles, equal to 78,- 
338,304,000 sq. ft. The summit level will then be 
lowered each day by drawing off water for lockages 
0.0157 in. The leakage at the locks and sluices may 
be as much more. 

There will be a considerable leakage through the 
Ochoa Dam and through the 74 miles of embaukment. 
The amount can only be conjectured, but for this esti- 
mate will be taken as 5,000 cu. ft. per secord, or 
432,000,000 cu. ft. per day. This will lower the summit 
level each day 0.0661 in. 

Collecting these result the lake will be lowered— 


By evaporation ‘ 
rer ee ee eee Aad -0157 
By leakager at locks and sluices .... ......... | 
By leakages at Ochoa Dam and the emoinxmeats .™€1 
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Or _— for sixty days of 17.85 ins., equal to 1.49 ft., 
say 1.5 ft. 

This is the amount the lake would be lowered in 60 
days, with no inflow and no discharge except require- 
ments for canal purposes. If at the end of this period 
the lake is to be at 110 ft., it must be 1.5 ft. higher 
at the beginning, or 111.5 ft. As no allowance has been 
made for inflow into the lake during this period, this 
may be too high. On the other hand the dry season may 
be longer than assumed, and the estimate too low. 
Colonel Childs arrived at the same reduction of level 
during the dry season by a different line of reasoning, 
and the result is probably near the truth. More exact 
data are needed, and can be obtained readily, at little 
cost, in connection with other investigations recom- 
mended in this report. 

The low water slope from the lake to Ochoa, after 
the completion of the Ochoa Dam, is assumed by the 
company at % in. per mile, or, in round numbers, 4 ft. 
for the entire distance. With the water surface raised 
to so great a height the cross-section of the river chan- 
nel will be greatly increased, and the velocity required 
to pass the ordinary low water flow of, say, 10,000 cu. 
ft. per second, will become so small that hydraulic 
formulas cannot be depended upon for precise calcula- 
tions of slope; the slope will be so flat, however, that 
a large proportionate error is of no importance. Calcu- 
lations indicate that at extreme low water the total fall 
from the lake to Ochoa will not be more than 0.2 ft., 
and probably considerably less; the river becomes really 
an arm of the lake and with the same elevation. Since 
the lake is to be maintained at a minimum elevation 
of 110 ft., and since, in order to secure this, the outflow 
must be checked on the approach of the dry season, 
when the lake is 1.5 ft. higher (approximately), the 
weirs on the San Carlos Ridge must be so arranged that 
their crests can be raised to 111.5 ft. or more. 

The elevation of water surface against the dam at 
low stages of the lake being 110 instead of 106 ft., the 
difference will cause a notable increase in the volume of 
the embankments and in the lift of the chain of locks 
between the Caribbean and the summit level. The 
control of the discharge of the surplus water is a matter 
of no less importance than the maintenance of the sum- 
mit level, but the data necessary for its intelligent con- 
sideration are almost wholly wanting. The amount of 
water to be dealt with, either during the year or during 
high floods, is unknown. The annual rainfall is not 
known at any point between Ochoa and the west shore 
of the lake. The subject is so vital, however, that an 
attempt must be made to cast a little light upon it 
with such data as can be had, and an estimate will be 
made first of the annual discharge. 

The area of the drainage basin of Lake Nica is 
taken at 8,700 sq. miles; of the lake itself, 2,7 sq. 
miles; of the drainage basin of the San Juan above 
Ochoa, 2,250 sq. miles. The annual rainfall in the lake 
basin is taken at 80 ins.; run off, 40%; evaporation from 
the surface of the lake, 40 ins. per year. In the river 
basin the annual rainfall is taken at 150 ins.; run off 
60%. These figures, which may all be considerably in 
error, give the following results and averages in cu. ft.: 


parison of cross sections. From Dec., 1887, to 
1890, the company kept a river record at San | 
cisco Island, 12 miles below hoa, and if this 
available an indirect and approximate comparison 
be made between the two stages and the flood dis. 
deduced. Unfortunately the record for the first 
months, eee os} the highest stage and lowest 
observed, is missing. By other data, however, the | 
has been able to establish a comparison, which 
to the conclusion that the flood discharge Jan. {. 
was about 125,000 cu. ft. per second. The com; 

ng, which, it-is stated in the Chicago paper, ; 
lishes 42,000 cu. ft. per second as “high flood,” ; 
sents in fact only a moderate flood; probably not 
greater than the mean discharge. 

During the ~— of ‘the river by the Boar 
May and June, 1895, it was learned that at Ma: 
Rapids the flood of Nov., 1893, rose considerably « 
that of 1888. While it may be that the San © 
was not correspondingly high, it does indicate tha: 
—— flood may be considerably greater than t). 
1888, and the Board is of the opinion that until! ; 
reliable data are obtained the maximum discinare. 
Ochoa should not be estimated at less than 150,(i)) 
ft. per second. 

Such a flood could only result from heavy rains 
the entire river basin, in conjunction with a high | 
The extreme floods are of short duration, but a mo 
ately high stage may be maintained for a consider: 
time. Sluices, or weirs with adjustable crests, ; 
be provided in the San Carlos embankment line for 
quick discharge of these floods. More precise data 
to the extent of the floods are necessary before the 
mensions of the weirs or sluices can be fixed, but 
the purpose of entering the item in the estimates the Po.) 
has assumed weirs with a crest length of 4,000 ft. 
weir of this length with a head of water of 4.5 ft. \ 
discharge 130,000 cu. ft. per second, and this provisi 
may possibly suffice. 

Whatever the crest length of weirs may be, provisi 
can be made for drawing off such amount of water as pn 
be necessary by placing movable dams on them. T) 
water on the upstream side can be kept at any desired 
height. Thus the discharge of the surplus water at th. 
weir can be regulated, but the regulation of the lak 
itself offers difficulties, and the matter is so importan: 
and has been so completely overlooked that considerah|: 
attention must be given to it here. 

During the visit of the Board to Nicaragua high-wat. 
marks were shown on both sides of the lake which {ix 
its high stage at 111 ft. above mean tide. The variation 
in the surface of the lake from ordinary low water 
which may be taken at 102, to high water at 111. i; 
9 ft. No such variation can be permitted with the lah: 
maintained at the summit level elevation of 110 ft. as 
a minimum, because much valuable property on the 
west side of the lake would be drowned out, and for 
this reason it is probable that a higher stage than 11: 
ft. will be inadmissible. This permits an extreme range 
of only 3 ft., and it may be doubted whether the regu 
lation of the lake level within so narrow a limit 
possible. 

During the rainy season the water is received into the 
lake more rapidly than it runs off, the surplus being 
stored in the lake, causing it to rise. The only way by 
which an equal rise can be prevented after the construc- 
tion of the Ochoa Dam is by increasing the discharge 
through the San Juan during the rainy season. An in 
crease in discharge can only be produced by an increase 
in cross section or an increase in velocity in the outle: 
channel. The water of the lake must be carried off more 
rapidly during the wet season after the construction ot 
the dam than under present conditions. The increas: 
in discharge must be very large, and it must be deter 
mined whether inder the new conditions the capacity of 
the outlet channel will be sufficient to meet the greater 


is 


- demand upon it. 


The data required for a solution of this problem ar 
the amount of water received by the lake and the ca 
pacity of the outlet. The following assumed data ar: 
believed to be conservative. The area of Lake Managua 
and its watershed are not included for the reason that 
periods of several years have been known during which 
there was no visible outflow from that lake. It is possi 
ble that during very rainy seasons the amount contrib 
uted by Lake Managua may be considerable, and it ma) 
be that subterranean channels exist through which th: 
lake discharges constantly: 

Area of Lake Nicaragua, 2,700 sq. miles, approximately. 

Area of watershed, 8,700 sq. miles, including lake 
This may be considerably in error, but is taken from th: 
best maps available. 

Rainfall, 80 ins. per year. It will be assumed that 
25% may fall in one month, 45% in two months, 60% in 
three months, and 70%, in four months. 

Run off, 50% of rainfall. 

With these data the amount received by the lake in 
different periods is calculated, and also the net rise in 
the lake, with various rates of discharge. 


Amount of water received into lake: 


Cubic feet. 

In 1 month, with 25% of annual rainfall. .264,844,800,000 
* 2 months,“ 4%“ “ we . -476,720, 640,000 
ae 7 ee oe 60% “e oe oe . -635,627, 520,000 
Qo o>) Wet . 7 « «741,560,440, 000 

The rise in the lake is retarded more or less by the dis- 
charge through the San Juan. The following table gives 
the net rise, with several rates of discharge: 


—Rise of lake with discharge of— 
25,000 50,000 75,000 
cu. ft. cu, ft. cu. ft. 
per sec. per sec. per sec. 
Feet. Feet. Feet. 
In 1 month............+.. 42.7 +1.8 +1.0 








a ived | y lake and river.— 














Loss by evaporation.— -———Discharge.—_——. 











Basin. Per r. Per Per year. Per Per year. Per 
ct (= 1,000,000) second. (1=1,000,000) second. (1= 1,000,000) second. 
Ri TIN io 5s fads ka os sh TN 947,865 30,057 250,905 7,957 696,960 22,100 
San Juan Riv., bet. the Lake and Ochoa. 470,448 14,918 Neglected. veet 470,448 14,918 
Deschats UF Omak. F305 ig Se ncaestc, cle © paegaeee ieee! 2 tag ee 1,167,408 37,018 
The river has never been gaged at a flood s we 2 months. ......++++++. $3 33 th 
gaging was made by the company May 21-25, 1888, in “4 i cee ee See eee $6.4 43.0 015 
the vicinity of Ochoa, but it is not known precisely Se ae nr 


where, and the water surface was not referred to the 
company’s bench marks. The highest recorded 

at Ochoa occurred Jan. 7, 1888, and its height was n 5 
If the difference of stage at Ochoa at this date and at 
the date of the gagings were known, a rough approxi- 
mation could be made to the flood discharge by a com- 


It appears from the table that if the assumed data are 
correct, the lake can be controlled within the uired 
Ra Of oR ONS 0 Gieneee ot 8 OS cu. 
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highest stage, under present 
cepyanel ws be anpaiing Mes ania. 
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! eater discharge than the present maximum is to 
be ned, it must be produced, as before stated, by 
ise In cross section or an increase in velocity in 
‘ : channel. Within the limits of the present case 
t ity cannot be materially increased without an 
n slope. This can not be obtained without 

nd costly deepening of the river bed in the vicin- 

ro Rapids, so that the question of increased dis- 
practically narrows down to that of increased 


ion. 
ight of the lake, when this average discharge of 
1. ft. per second is to be maintained, will vary 
) ft., the minimum, to 113 ft., the assumed maxi- 
the average will not be far from 112, or only 1 
the highest stage now known, so that no great in- 
f cross section will be produced by the additional 
under the new conditions. Another increase, 
at greater in amount, will result from the exca- 
to be made from the lake to Toro Rapids for a 
pavigation. 
y be that the discharge of the lake at high water 
h greater than has been supposed, and it may 
approach nearly the amount of 50,000 cu. ft. 
ond calculated as necessary under the new con- 


governing stretch of river, as regards the outflow 
e lake, is between the lake and the foot of Toro 
is, but affected in some degree by the natural weirs 
stillo. Below the latter point the section of the 
will be so much greater after the construction of 
roa Dam that its capacity will be ample, with 
<mall slopes, for the largest discharge. 
the variation of the level of the lake can not be 
limited to 8 ft., and if it is inadmissible to raise it above 
113 ft., then it is impossible to maintain it at a minimum 
of 110 ft. Every foot of reduction in the minimum will 
a large increase in excavation throughout the en- 
tire summit level, including the costly work in the San 
Tu River and the east and west divides. The calcula- 
tions just made suggest much uncertainty about this, but 
they are based wholly on assumptions as to the discharge 
of lake and rainfall, which may be far from the truth; 
the ascertainment of the facts by continuous observations 
for not Jess than one year and including at least one 
high stage of the river, is absolutely indispensable. A 
gle year’s record might prove misleading if the high 
stage were of unusually short duration, since it is the 
total quantity of discharge that is required. It is to be 
regretted that the canal company has no recorded obser- 
vations of the lake level or other data relating to its 
regulation for the eight years since it began work in 
the country. The matter is of such vital importance that 
observations ought to have been made continuously dur- 
ig the entire period. 

The discharge of the San Juan must be regulated by 
weirs or stuices in the San Carlos embankment; that 
from each minor basin (the Florida Lagoon, San Fran- 
cisco Basin, ete.). by its own sluice or weir, the water 
level in the minor basins being made to conform to that 
in the San Juan immediately above the Ochoa Dam, so 
as to avoid currents through the narrow connecting chan- 
nels. 

The data do not exist for determining the discharge 
for which the weirs in the San Carlos Ridge should be 
proportioned, or for calculating the fall from the lake 
to the weirs during the high-water season, which must 
be taken into account in fixing the elevation of their 
crests. It is probable that in order to secure the requis- 
ite velocity through the governing section, the water sur- 
face at the San Carlos weirs must be drawn down during 
the wet season much below the level required during the 
dry season. It is essential to determine exactly how 
much this enforced reduction of level must be before 
the grade of canal bottom can be fixed between the San 
Juan River and the summit lock at the east divide or in 
the excavated channel in the San Juan itself. 

The whole problem of the regulation of the summit 
level, the establishment of grades in the various ex- 
cavations and structures within its limits, and even the 
practicability of the company project without much 
modification requires the collection of a large amount of 
information before it can be solved. The scope of the 
investigations necessary is treated more fully elsewhere. 


EASTERN DIVISION. 


Greytown Harbor. 


_The San Juan River, draining a total area of some 
15,000 sq. miles, most of which in times past has been 
subject to intense volcanic action, and is still affected 
by the heavy rainfall of that region, has brought down 
in course of time an enormous volume of sand, in part 
directly emitted by volcanoes, and in part derived from 
the distintegration of igneous rocks and washings from 
the clay, and has built up in the Carribean Sea a flat 
and swampy delta cf great extent, heavily forested :.nd 
containing many lagoons and tortuous channels of vary- 
ing dimensions. 

The main river forks about 18 miles from the coast, 
and discharges through several channels, of which the 
Colorado is the principal, and the second in size the 
Lower San Juan, which reaches the sea at Greytown in 
the angle where the fan-like projection of the delta meets 
the coast line stretching to the northwest. The earlier 
maps show the bight, at Greytown as a capacious harbor, 
protected from northeast winds by the delta projection, 
and with ample depth and area. It is now a n 
shut off from the sea, and has ceased to exist as a har- 
bor for seagoing vessels. The gradual closing of the 
harbor, between 1832 and 1862, by the movement of the 
outer beach stretching westward across the entrance in 
the form of a narrow sand spit to connect with the west 
shore line was a serious drawback, both to the main- 
tenance of a freight and —S route across the Isth- 
mus via the San Juan River and Lake Nicaragua, and 
to the project for the construction of a ship canal over 


the same line, 

The report continues with an exhaustive discus- 
sion of the problems presented by Greytown Har- 
hor. The Board considers iys destruction to be 
due not to the sands brought down by the lower 
San Juan but to the delta sands which are con- 
stantly carried by the ocean currents and waves 
westward along the beach. The oldest chart of 
the harbor in 1832 shows it as a broad open road- 
stead with an entrance some two miles in width 
unobstruced by any bar, and with 30 ft. of water 
over its whole surface. Comparison of charts of 


later dates down to the present time elucidate the 
causes of the harbor’s destruction. 


Construction by the Company. 

It will be remembered that a considerable 
amount of money was actually expended in 188°-93 
in construction work. The bulk of this was spent 
in work at Greytown Harbor. A pier was built 
937 ft. in length which by suspending the west- 
ward drift of the beach sand enabled the channel 
614 ft. in depth to be opened by the currents in 
the beach closing the lagoon. Dredges drawing 7 
ft. light were dragged over this bar by the aid of 
the sea and the entrance was thus deepened by 
dredging to 12 or 14 ft. The report continues: 


The harbor was not at any time available for other than 
comparatively light draft vessels, and but three or four 
used it. One schooner with a load of timber for the 
company was wrecked in trying to enter, and vessels 
bringing cargoes of material were partially or altogether 
discharged by lighters. The beach rapidly followed out 
the pier extension, and as soon as the end of the pier 
had been reached the sand poured by and at once 
filled up the deepened entrance. 

The pier timber and piling were creosoted with 1 
Ibs. of wood oil per cu. ft., but this proved unavailing 
as a protection from the teredo, and when examined in 
May, 1895, the piles near the outer end were found to 
have been nae eaten, and many on the channel side 
had disappeared. Much of the timber also was badly 
decayed. The teredo is very active in these waters, and 
excessive humidity and uniform high temperature are 
extremely trying to wood unless housed or well painted, 
and its destruction when exposed is very rapid. 

A considerable amount of harbor dredging has been d_ne 
by the company with its own plant, supplementing tie 
endeavor to open the entrance, provide ‘harborage and 
access to the company’s buildings, shops, etc., constructed 
2 and 3 miles northwest of Greytown, and to begin work 
on the canal. The material excavated was almost entirely 
volcanic sand, similar to that of the beach. This sand 
is dark in color, rather coarse, has a specific gravity 
considerably less than that of ordinary sea sand, and 
when submerged is readily acted upon by waves and 
currents. When piled in heaps it forms a porous mass 
through which the torrential rainfalls descend with 
surprisingly little effect upon its contour, even though 
the slopes be steep. This feature was noted both in the 
mounds of dredgings near the entrance and in the canal 
banks, where the sands dropped from the dredge chutes 
= stood seemingly undisturbed since they were put 

ere, 

The portion of canal work done by the company con- 
sisted of a single cut with an elevator dredge for a 
distance of 4,350 ft., with a width of 167 ft. and a depth 
of 16% ft., followed by an adjoining cut for about half 
the distance. The width of the two cuts was 279 ft. 
The excavation was mainly within a funnel-shaped area. 
where the canal section proper widens into the harbor. 
The dredgings were left, as deposited from the spout. 
immediately upon the edge of the excavation, and would 
require rehandling to place them at a proper distance 
from the banks. 

The total amount of dredging in canal and harbor, 
as stated by the company, was 727,861 cu. yds., and the 
total cost $80,000 in round numbers, or at the rate of 
11 cts. per cu. yd., which represents the net cost of 
dredging in very favorable conditions, and with the com- 
pany’s plant, without charges due to first cost and main- 
tenance. 

The buildings erected by the company along the beach 
are on a liberal scale, of good design and construction, 
and consist of storehouses, barracks, and headquarters 
buildings, quarters for officers, hospitals. shops, etc. 
All are of wood imported from the United States, and in 
fair preservation, although in a state of comparative 
neglect, where if needed repairs, painting, etc., are not 
speedily attended to the buildings will be seriously 
damaged. In several cases the roofs are of galvanized 
iron, which is also used for many of the buildings in 
Greytown. This material shows remarkable durability 
under exposure to the local climatic conditions. 

A large amount of property of various kinds lay out 
of doors and in an advanced condition of decay—numerous 
steel boats and launches, hulls and machinery rusted 
through; a pile of 8-in. spiral riveted pipe, intended to 
bring water from a reservoir to the barracks and quar- 
ters; spare shears for the dredges; two or three tugs 
and small steamboats, past all service; several scows 
and lighters rotten and sunk. The five dr bought 
by the company from the Panama Canal dredging 
contractor lay in the harbor on the bottom uncared for, 
with rusted machinery and woodwork dropping. Three 
locomotives under cover are probably unserviceable. 
The machine shop, having been used to a certain extent 
by the river navigation company for occasional repairs 
to their vessels, was capable of service, but, with the ex- 
ception of the large buildings, little else could be con- 
sidered as representing any value. 

In case of resumption of work at the harbor, it might 
be practicable to construct. one serviceable dredge by 
building a new hull and taking out of the present 
dredges such — as would answer the purpose 
and be found usable. Should this prove to be practica- 
ble, the construction could be begun from inside without 
—e for the opening of an entrance through the 

ach. 

While giving a brief account of the plant and con- 
structions at Greytown Harbor, where all the work con- 
nected with the actual canal building was done, it 
will be convenient to include the railway which extends 
inland for a distance of 114% miles along the line of the 
canal to between the sites of Locks 1 and 2. The Poard 
made a trip over the road on a hand car propelled with 
poles, and the results were of interest and value. The 
single track is standard e, laid with 60-Ib. steel 
rails, from Pittsburg, «nd 2, ties to the mile, and 
was built between May, 1890, and February, 1892. 

The ground covered is flat and swampy for the greater 
part of the distance, and across the wetter portion the 

was formed by first cribbing roughly, then lay- 
ing a temporary track and filling with sand, most of 
which was brought from the canal cut at Greytown. 

Most_of this work was done by men working up to thet 
waists in water. Notwithstanding the exposure to the 
immense rainfall, the roadbed when examined was found 
in fairly good condition, and the rails gave little evidence 
of eee ee Those first laid near 
Greytown were of North Caro’ pine, creosoted with 12 
Ibs. of wood ofl per cu. ft.. and were apparently about in 
the same condition as would be that of uncreosoted ties laid 


for three or four years in the States. Farther out, pine 
ties from Bluefields, not creosoted, were much decayed. 
The remainder, of native timber, were entirely rotten. 
With a few exceptions all the ties must be replaced 
before the road can be used. 

Four and one-half miles out is a clay fill standing 
well with little indications of wash and leading to the 
bridge crossing the connection between the Benard La- 
goon and the San Juanillo River The bridge ts a pile 
structure of ordinary type, about 125 ft. long, 4 piles to 
the bent, braced and capped. The noticeable peculiarity 
of the bridge was that it had been stayed both up and 
down stream with wire ropes secured to trees. Upon 
inquiry it was learned that the piles had been driven 
through 70 ft. of soft mud. As the locality in question 
is within a few hundred yards of the lagoon through 
which the canal line passes, the subsurface conditions, 
if continued in the lagoon, are very unfavorable features 
for canal building. 

Beyond the bridge crossing is the first clay cut, and 
farther on both cuts and fills are numerous. The cuts 
have heights up to 20 ft., with slopes from vertical to 
45°, and in most cases stood with an extraordinary 
stability under the tropic downpour. At several, the 
original tool marks were still visible, both pick and steam 
shovel. In several others there had been slides, but 
none of great extent. The ditches were generally clean, 
and in but few points had the wash reached the rail. 
The surface of the cuts was in some cases protected by 
vines, but in most waa quite bare unless for a minute 
lichen. 

As these clay cuts had been exposed for over three 
years to the severest rainfall of record on this continent, 
and were found in better condition on the whole than an 
exposure in the United States for a single winter would 
have left them, it is evident that the absence of frost 
more than balances the tropic downpour, and for the 
materials in question constructions can quite as safely te 
designed as in the United States. 

A train of flat cars standing at siding was nearly cov- 
ered with vines and creepers and the woodwork far 
advanced in decay. On the other hand. the natural 
growth in the roadbed was unexpectedly slight, although 
in two or three cases the canebrakes had invaded the 
track. 

On the whole, taking into account the condition of the 
sand dumps at Greytown and of the clay cuts and fills 
on the line of the railroad, it is evident that the heavy 
rainfall is not necessarily as formidable an obstacle to 
outdoor constructions as might be supposed, although 
the slight works in question must not be too confidently 
accepted as safe precedents for much heavier construc- 
tions, and, with work in clay, an accumulation of water 
must always be guarded against. 


The Board sums up its conclusions respecting 
Greytown Harbor with the declaration that they 
find the Greytown entrance adopted by the com- 
pany impossible of use. They recommend that 
the entrance be located half-way between the 
Greytown entrance and the Harbor Head en- 
trance. Here they would build two piers, one 3,- 
000 ft., the other 5,000 ft. in length. From this 
entrance a straight connecting channel would be 
dredged 5,000 ft. long toward the deepest part of 
Greytown Lagoon, which would be deepened by 
dredging to a depth at 30 ft. over an area of 237 
acres. From this basin the canal proper would 
begin. This change of entrance would involve 
the abandonment of the existing two-thirds of a 
mile of canal which the company has partially 
excavated; but this, says the Board, “is not ma- 
terial, in view of other and more serious con- 
siderations.” 


GREYTOWN HARBOR TO OCHOA. 
Greytown to Lock No. 1. 


The ground is a swamp nearly the whole distance; the 
general elevation is not more than 5 ft. above mean tide 
until the Bernard Lagoon is crossed, then rises gradually 
to 16 ft. at the foot of the hill in which Lock No. 1 is 
located. . 

The company proposes to make the bottom width in 
this section 120 ft., the depth to be 28.2 ft. below mean 
tide in Greytown Lagoon, the side slopes 3:1 in sand 
and 1%:T in clay. This width is adopted with a view 
of constituting the section an extension of the harbor, 
in which vessels can lie or pass each other. The depth 

roposed, which is 1.8 ft. less at mean tide or nearly 

.8& ft. less at low tide than the general depth in the canal, 
is understood to be temporary. the full depth of 30 ft. 
to be obtained, after the opening of the canal for navi- 
gation, by the use of the maintenance plant. The Board 
believes that the estimates should cover the cost of the 
work completed to full depth, and that the width pro- 
posed is insufficient for passing and more than enough 
for the movement of single vessels. The estimates have 
been modified, therefore, to provide for a general width 
of 100 ft., with three passing places, 180 ft. wide, for a 
length of 600 ft., and an increase of depth to 30 ft. 
below low water in the Caribbean. The several changes 
nearly balance and involve little additional cost. 


Lock No. 1 to the East Divide, 6.65 Miles. 


The tide lock (No. 1) is tocated in a hill which pro- 
jects from the north into the valley of the Deseado. It 
is to have a lift of 21 ft. from mean tide, raising the 
water surface about 15 ft. above the valley floor. A 
dam is reyuircd across the valley having a crest length 
of 1,450 ft. and a height of 23 ft. above the villey floor, 
or 32 ft. above the bed of the Deseado; provision is made 
for the regulation of the upper level by a concrete ma- 
sonry sluice with two openings, each 20 by 25 ft., and 
two weirs of 100) ft. cach, placed In depressions in the 
flanking hills. In addition to the above, four small em- 
bankments, of an aggregaie length of 660 ft. are re- 
quired in saddles between the hills to complete the line 
by which the up level is to be maintained. 

A canal is to excavated the entire distance of 1.32 
miles between Locks Nos. 1 and 2, with one crossing 
of the Deseado, which will have to be diverted. The 
flood discharge of the stream is not known, but is prob- 
ably 3,000 or 4,000 cu. ft. or more per second. Its diversion 
and control will be a matter of considerable expense, for 
which no special provision is made in the estimates. 

Lock No. 2 is located in a bill on the south side of the 
valley, and has a lift of 35 ft. A change to 5 bil} on the 
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opposite side has been suggested, and, if made, the di- 
version of the Deseado above referred to would not be 
necessary. The same provision is made of weirs and 
siuices as at Lock No. 1. In addition to these, a dam 
and two embankments will be required to close the val- 
ley, ye a total crest length of 2,030 ft.; the greatest 
height will be 48 ft. above the valley floor, or 69 ft. 
above the bed of the Deseado. 

From Lock No. 2 to Lock No. 3, a distance of 4.55 
miies, the line for the first 2% miles passes through a 
basin formed by the dam and embankments at Lock No. 
2, followed by an excavated channel for the remaining 
distance, in which several diversions of the Deseado, 
not specifically estimated for, will be required. 

Lock No. 3 is located in a hill on the south side of the 
valley and raises the water to the summit level, which 
the company has assumed will be 106 ft. above mean 
de, giving the lock 40 ft. lift. For reasons given else- 
there, the Board believes the level will be about 110 
it., in which case the lock will have a lift of 44 ft. There 
is but one opening to be closed here, the saddles in the 
adjacent hills being above the summit level. The com- 
pany proposes to close this with a concrete dam with 
sluice openings similar to those at Locks Nos. 1 cnd 2. 
The crest length of the dam will b ™) ft., and the height 
above the of the Deseado will 63 ft. No borings 
have been taken at this site, and it ot known whether 
a suitable foundation for a concrete m ean be found. 
A weir 200 ft. long is to be placed the hill on the 
north side of the valley, and channels excavated to and 
from it. 

A basin about 2,000 ft. long is formed immediately 
above Lock No. 3, affording an adequate passing place; 
one-fourth of a mile beyond the basin the line reaches 
the east end of the great cut through the east divide. 
The canal cross-section proposed by the company be- 
tween the locks is the same as between No. 1 and 
Greytown Harbor, viz., 120 ft. bottom width. In the 
opinion of the Board, navigation would be etter served 
by reducing the width to 100 ft., and providing passing 
places immediately above and below each lock. 

It is said, in the final report on location, of Jar. 31, 
1890, that the locks sre to be 650 ft. long in the chamber 
by 70 ft. wide. In later publications, it is stated by the 
company that the width is to be 80 ft. The Poard has 
been informed recently, however, that this increase of 
width has not been determined on, and the company’s 
estimates do not provide for it. The dimensions should 
be determined by the classes of vessels which are ex- 
pected to use the canal. If it is to be adapted for the 
passage of the Jargest warships. 70 ft. will not be suffi- 
cient. The U. 8S. S. “Iowa,” for example, has a beam 
of 72 ft. 3 ins., and proposals are soon to be opened for 
others of the same beam, while it is understood that 
warships of even greater beam, 75 ft., are in contempla- 
tion. For present purposes 70 ft. wide is sufficient, but 
the largest vessele are proving to be the most economical 
freight carriers, and the dimensions of the locks should 
be fixed with regard to the probable increase in dimen- 
sions of vessels in the near future. A future need for 
large locks could be met by the construction of new ones; 
but in any case the cost would not be increased on 
account of the additional width recommended more than 
$1,250,000 for the entire canal. In the opinion of the 
Board, the width of 80 ft. should be adopted, and this 
width is provided for in the estimates of the Board. 

As before stated, the three locks from sea to summit 
level at 110 ft. will have Ifts of 31, 35 and 44 ft., re- 
spectively. There is nothing nevesnarily impracticable 
in so great a lift as 44 ft., although it is without prece- 
dent. ith an increase in lift the weight of the gates at 
the foot of the lock chamber becomes greater, but with 
the machinery used for the operation of locks »n modern 
practice, there need be no difficulty in handling them. 
No compelling reason can be given. however, for such 
an extreme lift in this locality, while several reasons of 
much weight suggest a more moderate one. The Board 
proposes to substitute a system of four locks, the cne 
nearest the sea to have a lift of 26 ft. from the level of 
mean tide; the remaining three, lifts of 28 ft. each. This 
arrangements provides structures of less weight than 
those proposed by the company, which is important in 
view of the fact that they must rest on clay foundations. 
The weight of gates will be less, and the time required 
for lockage somewhat reduced. The result will be a 
simplification of the system, a more conservative course 
as regards the dimensions and weights of the structures, 
a slightly increased capacity for the passage of vessels, 
and a reduced consumption of water from the summit 
level on the one hand, as against a somewhat greater 
first cost and cost of operation on the other. 

The canal company has no detailed plans of the locks 
and other structures for which its estimates are made, 
and the Board has had to prepare preliminary drawings 
for the lock estimates, which take into account also a 
complete equipment of operating machinery, such as 
recent experience shows necessary; the estimate of 
weight of gates is based on the actua: weight of the gates 
just built for the St. Marys Falls Canal. Data as to the 
cost of the operating machinery are drawn from the 
same source. For valuable data with reference to the 
construction of the new Sault Ste. Marie Lock, and for 
much other useful information, the Board is indebted to 
the late General Poe. A system of culverts for filling 
and discharging the locks has been provided, and also a 
system of steel I-beams built into the concrete floor, 
earrying out the idea of concrete and iron construction 
which been successfully exemplified in recent arch 
bridges. These details, however, are used only as a 
means of arriving at a fairly satisfactory idea of cost. 

The estimated quantities exceed those shown in the 
company’s estimates, but are based on reliable data, 
and are believed to be substantially correct. It has 
been necessary also to increase the unit prices; for ex- 
ample, the price allowed by the company for concrete, 
$6 per cu. yd., is only about two-tniras the actual cost 
of concrete of similar composition used on a large scale 
in the locks of the Hennepin Canal, where the conditions 
for economical work were much more favorable than in 
Nicaragua in every respect, except as to the cost of 
cement, the saving in the latter item not being suffi- 
clent to offset the increased cost due to the adverse con- 
ditions of locality and climate. The result has been a 
large increase in the estimates of the cost of locks. 

The borings indicate that the material to be excavated 
in this section will be clay. It is important, therefore, 
to consider its characteristics, both as regards its suit- 
ability for the foundations of structures and its prob- 
able behavior in the sides of decp cuts. A _ reddish- 
brown clay, varying somewhat iu tint, is found every- 
where between Lake Nicaragua and the swamps near the 
coast; the steep hills and the deep ravines passed over 
by the Board duri their inspection of the canal and 
embankment lines showed surprisingly little scour, al- 
though in a region of rainfall several times greater than 
anywhere in the United States. Other observations con- 
firmed these favorable indications. 


Before the suspension of work on the canal the com- 
pany built eleven miles of railway from Greytown La- 
goon westward, as part of the service line to Ochoa. 
The western portion passed through a slightly rolling 
district, where several cuts, some as deep as 20 ft., with 
slopes from 4:1 to 1 :1 were made in the clay hills; 
the tool marks left by the workmen two or three years 
before still showed plainly in the sides of the cuts. 
Although it had been raining every day for some time, 
the material when examined was hard and firm, and the 
side ditches of the roadbed were remarkably clean. 
From these facts the Board formed a favorable opinion 
of the material, which was strengthened by later ob- 
servations in Costa Rica. The railway from Port Limon 
to San Jose has a large number of cuts in clay, several 
of which are over 100 ft. deep, with slopes of % : 1. Dur- 
ing the visit of the Board to San Jose, a heavy rain oc- 
curred, causing a large number of land slides which 
stopped trains, and the Board returned to the seacoast 
partly by means of hand cars and partly on foot. An 
excellent opportunity was thus ven to observe the 
effect of an unusually severe tropical rain on the steep 
clay slopes. Although the masses of clay which had 
fallen from the sides of the cuts were sufficient to block 
railway traffic, in no case were they large enough to be 
a serious obstruction in a canal, and a cube equal to the 
total amount could be removed by a dredge in a short 
time. The clay appeared to be quite similar to that 
in Nicar , and when it is remembered that the slope 
proposed by the company for clay above water is 1%:1 
instead of %:1, as in the cuts in Costa Rica, it is be- 
— no apprehension need be entertained of serious 
slides. 

At the sites of Locks Nos. 1 and 2 borings have been 
ma@e with an earth auger, and hard clay is reported. 
These reports, taken in connection with the observations 
of the clay in the railroad cuts, lead to the opinion that 
the material will form a fairly satisfactory foundation 
for the locks, unless local variations from general char- 
acteristics should be disclosed by fuller exploration. 


East Divide, 3.15 Miles. 


This section consists of the continuous deep cut through 
the summit of the east divide. The general course of 
the valleys of the Deseado and Limpio is followed, but 
the streams are so crooked that the line of necessity 
cuts through a suecession of steep hills which project 
into the valleys from either side. The true drain 
summit is crossed near the middle of the section, 17.4 
miles from Greytown Harbor, at an elevation of 322 
ft. above mean tide, but the deepest = is about 
one-third of a mile to the eastward, in a hill whose 
summit is 404 ft. above mean tide, giving a cut of 324 ft. 
The line is entirely in curvature, wi radii of from 
4,520 to 7,160 ft. 

The total cube of excavation in the east divide amounts 
to 11,700,000 cu. yds., of which 3,400,000 is clay, and 
8,300,000, or about 70% of the total, is rock. The rock 
is of all me yy of hardness, from decomposed telpetate 
to trap. e or material is clay, varying in 
depth from nothing to 115 ft., with an aver: of 35 ft. 

The company’s estimate of rock cuts are on a 
cross section having vertical sides from canal bottom 
to 10 ft. above water, at which elevation there is a 
berm 5 ft. in width; above this rocnx 1s given a slope of 
1 horizontal to 5 vertical; in the overlying clay the slope 
is 1% :1. The company made a series of borings along 
the center line of the canal at intervals of about 1, 
ft., with a diamond drill, obtaining cores of the rock 

through. These cores, arranged in order, would 
be a valuable record, but only a few samples from a 
small number of borings have been preserved. These 
samples, with the scanty notes turned in by the chief of 
the boring party, and such examination of the outcrops 
as the Board was able to make during the inspection of 
the route, constitute all the information now available. 

The material called By og al is found in several 
pace directly arn the clay, and at one point the 
ormation was 79 ft. thick. It is a laminated clayey 
rock, varying much in hardness, but usually soft, disin- 
tegrating more or less rapidly on exposure to the air. 
At one point on the bank of the Deseado it stands nearly 
vertical for 20 ft., and is overlayed by a hill of clay 
with a steep slope; in other places the indications were 
less favorable, the material being much disintegrated 
and forming ratural slopes of or flatter. The con 
clusion seems inevitable that tter slopes than those 
assumed by the company will be required at the outset, 
involving an increase in the original excavation, or that 
a heavy maintenance expense will be incurred for some 
time after the completion of the work. 

The most serious fact shown by the borings is the 
existence, at great depths below the surface, of rock 
more or less decomposed, which may crush when the 
excavation is made and cause the sounder rock above 
to fall. The absence of field notes and the loss 
of the cores are particularly unfortunate in these cases. 
New borings, not only on the center lines, but on the 
sides of the cut, in sufficient number to disclose and de- 
fine the limits of dangerous materials, are indispensable, 
and should be made under the constant supervision of 
a capable engineer. The material reported as ‘‘talc”’ 
found in many places, is not properly so called, but, 
as far as can be judged from the samples, is a compact, 
solid reck. In concluding the remarks on this subject, 
it must be added that, so far as the information goes, 
there are no indications of interposed clay layers or 
other sliding surfaces in the rock formation. There ap- 
pears to be no regular stratification, and borings in the 
same vicinity differ greatly in character of material 
passed through. The Board soe exceedingly that 
it is compelled to present so inadequate a discussion of 
the east divide cut, the most costly section of the whoiw 
project, but the data at hand are so scanty and defective 
that no satisfactory treatment of the subject is possible. 


East Divide to San Juan River, 12.26 Miles. 


From the west end of the east divide cut the line pro- 
ceeds by a tolerably direct course to a junction with the 
San Juan River, 1,700 ft. above the mouth of the Macha- 
do, or 2,000 ft. above the site of the Ochoa Dam, a total 
distance of 31.35 miles from Greytown Harbor. 

The valley floors of the Chanchos, Nicholson and San 
Francisco rivers and the Florida Lagoon, where crossed 
by the canal, are about 50 ft. above mean tide, while the 
surface of the water is to be maintamed at an elevation 
of 106 ft., according to the company’s project, which will 
become 110 ft., according to the views of the Board. The 
valleys have considerable widths, and the Chanchos and 
San Francisco rivers and Florida are crossed 
obliquely. These valleys are closed by a series of em- 
bankments, and the result is the formation of six basins 
of an aggregate length of 7.6 miles. 
onan importance a been Tao» aoe basins by 

e company as permitting a ra’ between 
the east divide and Ochoa. It is believed value in 


this respect may easily be overrated; they are 
the longest being only two miles and the shor od 
than three-fourths of a mile, that no great in, 7 
necamtary 00 pe ° it est an 
luce it to ent: Ie 
the narrow canal section at the other. Their . ten 
utility, therefore, as far as the movement of \. "t 
concerned, is to afford passing places. _ 
In_ the ridge separating the Florida Lagoon ; t 
Machado, the company has estimated for guar; |" 
by which communication can be closed betw. |. 
basins and the San Juan in case of a break in ; wre 
line of embankments which extend eastward fron, 5 
or if for any reason it should be desired to dra 
the water in the basins. There are no draw 
plans for these gates. The canal cross-section ted 
for this portion of the route has a depth of 28 1; t 
sides, deepening to 30 ft. in the middle, the botto, h 
being 80 ft. and the side slopes 1%:1. There :,. * 
of 10 ft. on each side 10 ft. below water surf, nd 
again 5 ft. above it. By the 2-ft. deepening at ; rs 
eo seseean sta ing aeniy to the sides, w) th 
oO ep unchanged, a n - 
30 ft. is obtained, cee tooth of 
The Board inclines to the opinion that thi« 
section should be deepened to 30 ft. for the fu)! 
and widened from 80 to 100 ft., particularly in 
the sqUare section and bi keels of warships, | has 
oa any addition to the estimate to provide ;. .\, 


The San Francisco Embankments. 


The great number of these embankments, lary: 
small, the magnitude of some of them, and th. 
portant relation, individually and as a whole ; °... 
construction and maintenance of the canal sy«: a 
proposed by the company call for special consid: 1 
The total distance from the west side of the eas: ||} 
to where the canal line reaches the San Juan at () , 
= Pome 

n the company’s reports this distance is desic¢: 4:0, 
the “San Francisco division,”’ but in this repor ; 


convenience, it is included in the general title .. the 
eastern division. The topography of this region i: rs 
complicated and difficult. It may be briefly des. ~\:, 


as a suggestion of minor valleys intervenin Seren 
the San Juan and the main ridge, which lies 7 tow 
to the northward. and with their longer axes rovc)), 
parallel with the general southeasterly direction of }.\:} 
These valleys drain into each other in a somewhat ..»,. 
fused fashion, and in some cases the movement of uter 
may be in either direction through the connecting links 
but, broadly considered, through the low ¢resi 
of hills separating them from the San Juan by four prin- 
pet outlets, viz., the Chanchos, Nicholson, San P'ra;,. 
cisco and Danta rivers, the latter draining what is 
known as the Florida Lagoon. 

This crest line, intervening between the canal line and 
the San Juan, and somewhat vaguely defining the south- 
ern limits of the minor valleys, was developed after great 
labor by the surveying parties of the company. It loops 
away from the canal line at the point where the latter 
in its westward course from the divide leaves the valley 
of the Limpio and falls into that of the Chanchos, and 
from the common point follows a succession of steep 
clay hills, heavily timbered, across deep swamps and 
flat, muddy bottoms, intersecting the valleys of the main 
streams and many minor depressions with a capriciously 
sinuous course, which lies at varying distances of one- 
fourth to 24% miles from the more direct line of the canal 
and joins it again in the vicinity of Ochoa. The length 
of a oe — o~ — of junction is about 

o e crest s, of 
which 40% is embankment. Pa a, ot 

The line of the so-called San Francisco embankments 
follows this crest line, and the purpose of the numerous 
dams and embankments is to dam the valleys of the 
rivers and close the other depressions, great and sma)! 
which are intercepted by it, and which it is necessar 
to build up to such height as to retain the surface eve! 
of the canal at the requisite elevation. The effect of 
this is to convert the several valleys into basins, con- 
nected by narrow passages excava‘ to canal cross-ser- 
tions, as a portion of the canal route. The total number 
of embankments required for this Purpose, some of them 
of insignificant dimensions, others of great magnitu.\. 
is no less than 67, with a total crest length of about 
six miles, and with heights above the ground on which 
ae varying from a few feet only to 70 ft. and up- 

As stated in the final rt of 1890, th fac 
elevaticn being fixed at 108 ft., the diane en 
ments were to be raised to elevation 112 ft., giving 6 ft 
of free board; but by a recent Modification, the excess of 
height is to be 8 ft. instead of 6, and the 1895 »stimate 
provides for this. ;The largest of these individual em- 
bankments is the dam closing the San Francisco bottom 
and adjoining depressions, with a crest length of 1.2 
miles and an extreme height of 85 ft. above the bed of 
the river. There are five others with dimensions ap- 
proaching these, varying in or from 1,040 ft., with 
a greatest height of 60 ft., to 1,840 ft. in length and 
ee = a —_ oaeae are measured from 

e und, hs 
of foundation gro’ and do not include depth 
reference to this important point, the company’s 
borings in the beds of the Danta-and Nicholson sank 
through 30 ft. of soft mud before reaching clay, 011 
there are two of these swamps of similar character t):at 
have not been investigated, and whose depth of mud is 
not known. Assuming it to be the same, there are «i 
least four of these dams that will have a tota! 
height of considerably over 100 ft. above their founds 
tion. Referring to the practical difficulties involved i» 
the existing climatic conditions prevailing in Nicarag\4 
the report of 1890 has the following judicious remark 

“In a country subject to observed rainfalls of mor 
than 6 ins. in 24 hours, the problem of drainage 
volves dealing with forces of nature whose enorm: 
destructive powers are a constant menace to engine: 
ing works, however careful and skillful their desi: 
and execution.”’ 

The difficulties of construction in these conditio : 
would have been even more strikingly illustrated by citin< 
the observed rainfalls of 9 ins. in 9 hours and 8 ins. | 
a single hour. In the Ch paper of 1893, the ch’ 
engineet says that “‘the es of embankments in ‘ 
San Francisco it is frankly admitted, is the wea 
est feature in the whole route.” The report of 15) 
states that— 

“Tt is proposed to build all the embankments across |! 
yaiegs a ae disconnected portions of ani 
‘roe ” earth f 
‘ands orker’ slope 0 shape! 
free flow 
) ei 


above sea level, and with top 


and paved with stones as to admit 
" (Continued on page 200. 
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T! ‘eW WATER POWER DEVELOPMENT BELOW 
NIAGARA FALLS. 

at deal has been written during the past 

; concerning the water power enterprise 
Niagara Falls Power Co. above Niagara 

th its long tail-race tunnel, and its 5,000- 

hines loeated in the bottom of a wheel pit 

ad of the tunnel, its huge alternating dy- 

ete. Meanwhile another great water- 

’ plant, of which the public has heard 


as been undergoing development at the 


FIG. 1.—VIEW OF POWER PLANT ON 


Falls by the Niagara Falls Hydraulic Power & 
Manufacturing Co. We propose here to give a 
brief account of some of this recent work. 

Referring to the larger photograph, Fig. 1, the 
scene represented on the left half of the view 
is a familiar one to all those who have visited 
Niagara at any time during the past 20 years or 
more. The building of the Cliff Paper Co. at the 
right, near the edge of the river, and the flume 
and covered passage leading to it are only about 
four years old. In the view at the left the most 
noticeable feature to an engineer is the great 
waste of water due to its discharge from the va- 
rious wheels at various considerable elevations 
above the river. The reason for this waste was 
due to the fact that when the mill sites were sold 
the power company did not own the sloping bank 
below the cliff, and it had the right only to ex- 
cavate to a depth of 100 ft. and to discharge the 
water over the sloping bank. A few years ago 
the company acquired the lands on the slope, 
which enabled it to utilize the full available head 
of about 215 ft. This right was made use of in 
the construction in 1892 of the new pulp mill of 
the Cliff Paper Co., shown in the cut, a very com- 
plete description of which will be found in a paper 
by Mr. Wallace C. Johnson, M. Am. Soc. C. E., 
read at the Niagara Falls convention of the Am- 
erican Society of Civil Engineers in June, 1894. 
In 1892 also the company began the enlargement 
of its canal, which has its intake at a point about 
a mile above the Falls. It was originally 35 ft. 
wide by 8 ft. deep, and is being enlarged to 70 ft. 
x 14 ft, increasing its capacity, based on an 
available head of 210 ft., from about 13,000 to 
over 50,000 HP. 

In the new pulp mill the water is taken from 
the tail race of the mill at the top of the cliff, 
siving a head of water, after it has already been 
used by the upper mill, of 125 ft. It is utilized 
in two 1,200-HP. double-discharge horizontal tur- 
Sines, made by Jas. Leffel & Co., of Springfield, 
0. The wheel runners of these turbines are 66 
ins. diameter, and are surrounded by wheel cylin- 
ders, each with 20 gates. The wheel, with its 


gates, etc., is contained in a cylindrical case 10 
ft. in diameter by 4 ft. in width. Mr. Johnson’s 
paper, above referred to, describes some of the 
details of these wheels, and also gives some data 
concerning a pulp-grinding test made with one 
of them, as follows: 2.085 tons of pulp were made 
in three hours, equal to 16.678 tons per day. The 
quantity of water discharged was equal to 109.- 
338 cu. ft. per sec. under a head of 125 ft. At 
this rate there is required 6.558 cu. ft. per sec. to 
produce one ton of pulp per day. 


THE CLIFF BELOW NIAGARA PALLS. 


The photograph, Fig. 1, shows a large vacant 
space between the mill of the Cliff Paper Co. and 
the group of mills at the left. This space is now 
about to be utilized by the Niagara Falls Hy- 
draulic Power & Manufacturing Co. by the erec- 
tion of a large electrical power building at the 
bottom of the bank, by the river’s edge. The 
plant is designed to contain ultimately turbines 
and dynamos capable of furnishing 50,000 HP. 
Three 1,700-HP. double-discharge Leffel turbines 
are already contracted for, and 138 more are 
planned for. The work is in charge of W. C. 










Power House, Niagara yy) Lower Niagara, works, Pittsburg) “7 


a hae, eaue 
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zontal shaft a 560-K-W. Westinghouse generator, 
or six generators in all. These will furnish a 
direct current of 280 volts, which is used directly 
in the reduction of aluminum, without transform- 
ing, the pots being arranged in series, with about 
40 in each series, as the reduction requires a po- 
tential of only about seven volts. 

This method of obtaining and using the cur- 
rent furnished by the turbine generators is very 
different from that used by the Pittsburg Re- 


duction Co. at its Upper Niagara works. There 





Fig. 4.—Hydraulic Mining of the Bank below 
Niagara Falls. 


the electricity is furnished originally as an alter- 
nating current of 2,200 volts. It is reduced by sta- 
tionary transformers to 115 volts, and is then con- 
verted by rotary convertersinto 160-volt direct cur- 
rent, which is then used in the pots in series. The 
four 500-HP. rotary converters, each with a pair 
of stationary transformers now used at the upper 
works are shown in the photograph, Fig. 2. 
These are about to be replaced by five larger con- 
verters of 500 K-W. each. The fans shown at 
the right, driven by a small motor, are used for 









FIG. 5.—MAP SHOWING LOCATION OF POWER PLANTS ABOVE AND BELOW NIAGARA PALLS. 


Johnson, M. Am. Soc. C. E., civil engineer of the 
company. 

The first three turbines are to be used to fur- 
nish power to the new Lower Niagara works of 
the Pittsburg Reduction Co., to be located at the 
top of the cliff, for the production of aluminum. 
Hach turbine will carry at each end of its hort- 


cooling the stationary transformers. All of this 
transforming plant is dispensed with by the di- 


rect-current system, to be used at the new lower 


works. 

Fig. 3 is an outline sectional view showing the 
relative positions of the forebay, penstock and 
power building in the new hydraulic plant. Fig. 
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4 is a view of the bank being removed by a 
stream from a giant nozzle, as in hydraulic min- 
ing. Its operation has proved very successful. 
The map, Fig. 5, shows the location of the upper 


II.--No. 1 X Foundry for carrying harder pig iron or 
scrap, and for making choice light hardware castings, etc. 


Ill.—No. 2 X Foundry, for heavy machinery cast- 
ings, ete. 





FIG. 2.—BLECTRIC TRANSFORMERS USED BY THE PITTSBURG REDUCTION CO. AT THE UPPER 
NIAGARA FALLS WORKS, NOW IN OPERATION. 


and lower Niagara hydraulic and power works, 
and their position relative to the Falls. 
i 


ANALYSES OF PIG IRONS USED FOR DIFFERENT 
PURPOSES. 


In the discussion of the subject of “Physics of 
Cast Lron” at the Pittsburg meeting of the Amer- 
ican Institute of Mining Engineers, the following 
contribution was presented by Messrs. C. R. Baird 
& Co., of Philadelphia, in the form of a letter to 
Mr. Wm. R. Webster, the member of the Institute 
who originated the discussion: 


Referring to your inquiry ar ta the requests of our 
customers for analyses of pig iron, we beg to say that 
until the past few years very little attention was paid to 
the chemical constituents, and founders generally believed 
that it was necessary to use No. 1 X Foundry tron for 
the manufacture of small castings, where softness and 
fuidity were essential. The quality and fitness of iron 
for thie purpose was judged by the appearance of the 
fracture, and very large crystals were especially prized. 
An open-grained, soft fron covered their requirements. 
In larger machinery castings, No. 2 X Foundry was mixed 
with No. 1 X, or, in many cases, used alone. It was 
classified as “‘somewhat closer and harder than No. 1 
X,”” and was not az valuable as the former, because the 
crystals were smaller. The next grade in price was No. 2 
Plain Foundry, which was still closer in grain, and was 
used only for the heaviest and cheapest class of castings, or 
as a filler in connection with the higher grades. The 
light-colored, weak, high-silicon iron, made occasionally 
by every furnace, was regarded as poor stuff and utterly 
worthless for castings requiring strength and good fin- 
ishing qualities. The founder depended absolutely upon 
the size of the crystals and the color of the fracture, 
and, if the iron looked all right, would, with no other 
guide, boldly attempt the manufacture of any kind of 
castings, even for the most difficult and expensive ma- 
shinery, where defective castings might cause enormous 
‘oss. That such a state of affairs could have existed 
1or years seems almost incredible, but no one will deny 
that such was the case. Recently, the greater knowledge 
of the effect of the chemical constituents of iron has been 
of immense advantage to founders; and this subject is 
now regarded as of the utmost importance. The influence 
of silicon is now commonly understood; but although 
other elements are entitled to almost equal recognition, 
they rarely receive it. It has been claimed that the ap- 
pearance of the fracture, together with a knowledge of 
the amount of silicon present, is all that the founder 
requires to produce good results. This is, of course, 
better than the old method, where even the amount of 
silicon was unknown; but we find that the most pro- 
gressive founders recognize the importance of the other 
elements, and request complete analyses. The concen- 
sus of opinion of these customers is as follows: 

Proportions Required. 


I. it. IIL. IV. ¥. 

Per Per Per Per Per 

Elements. cent. cent. cent. cent. cent. 
Graphitic carbon.. 3.20 3.30 2.90 3.00 3.00 
Combined re YS 0.20 0.40 0.30 0.30 
RS 2.75 3.00 2.40 2.60 2.50 
Phosphorus.. .. .. 0.60 0.80 0.60 0.80 0.90 
Manganese.. .. .. 0.60 0.50 0.60 0.50 0.30 
Dane... 2s ose Eee 0.01 0.02 0.015 0.02 


I.—No. 1 X Foundry fcr the manufacture of pulleys, 
emall machinery castings, ete. 


I1V.—No. 2 X Foundry, for carrying harder iron, aud 
for light machinery castings, stove-plates, etc. 

V.—No. 2 Plain Foundry. There is a wide variation in 
the specification for this grade, which is more frequently 
sold without guaranty than any other. Many furnaces 
throw indiscriminately into the class of No. 2 Plain all 
iron that by fracture will not grade as No. 1 X or No. 2 
X, and is too open and soft for forge purposes. By these 
furnace-men and by founders in general, it is regarded 
as an inferior iron, to be used with caution; consequently 
the price is low, and it is often possible to obtain very 
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valuable iron classified as No. 2 Plain; but it is probable 
that this grade will vary largely, unless graded by analy- 
sis. The largest consumer of No. 2 Plain in this region 
calls for the analysis shown in coluran V above, and is 
able to meet his requirements at a low cost; but this is 
at the expense of other consumers, who do not specify 
analysis, and consequently get lower carbon and lower 
silicon, which is only the average run of No. 2 Plain 
iron. You, of course, realize the necessity of great 
variation in the specifications of the different elements 
in iron for widely different purposes. Where low-grade 
pig iron or scrap can be secured at a low price, Many 
use a large percentage of the same in connection with 


iron containing as high as 12 per cent. of silico 
most satisfactory results. Where great fluidity 
cially required, regardless of strength, iron vy. 
in phosphorus is called for, etc. Owing to the 
we handle the output of twenty-six furnaces, w)' 
duce all descriptions of pig iron, and that we 
frequently obliged to furnish complete mixtu 
various Classes of castings, we have recently est 
our private laboratory, in charge of a competent - 
and now make mixtures, and combine these wide, 
ent irons entirely by analysis. We gladly furn 
of charge, a complete guaranteed analysis of not . 
own brands, but of any pig iron, castings or c 
founders may send us. We find this method by 
most accurate and satisfactory way of ascertain 
value of the different grades, and we think the 
is worthy of the most careful attention of all m: 
iron. In this connection, we beg to say that if 
be of any assistance to them it will give us great | 
to place our laboratory at their disposal. 


a_i 


NOTES ON CONVEYING BELTS AND THEIR Us: 


By Thomas Robins, Jr., New York city 

The author first describes his observati.: ! 
the wear of rubber conveying belts at an iri: 
concentrating plant some years ago, which |. ;,, 
his experiments on the proper kind of adult.;.: 
to be added to rubber to increase its w.. 
power and decrease its cost, and to his pati: 
a belt with a reinforce of an extra thickn: 
rubber in its central portion, Belts made in |) 
manner with the proper rubber compound })::\.. 
been in service since 1892, and are still in ©... 
order, while the belt formerly used wore oui ;; 
three months. He then discusses different m.1h 
ods of supporting the belts, condemning })\a‘: 
rollers, with or without “skirt boards” at th, 
sides, and conical side rollers. He continues as 
follows: 

The best form of belt-support is composed of thre: 
leys, one carrying the middle or bottom of the belt. a) 1 
one on each side with its axis at an angle of 4; rt 
shafts of all three pulleys are held in a pair of combiva 
tion bearings which can be adjusted to different wits 
of belt. { never supply any other form of support fo 
belts wider than 14 tns., and when I refer to trough: i 
belts in this paper, it is to be understood that the sii 
are raised by means of these angle-pulleys, as show 
Fig. 1. 

The means of supporting the empty part of the belt « 
its return is a single flat pulley or a pair of smaller pu 
leys with an interval between them, as shown in t! 
lower part of Fig. 1. 

It is sometimes possible to save money in constructing 
a long conveyer by combining the single pulley and th 
three-pulley methods of belt-support. If the belt were 
run flat the whole distance, it would need to be so wid 
that the extra cost of the belt would be about equal to 
the money saved in using the cheaper flat form of pulley 
but by placing a set of troughing pulleys between every 
fourth and fifth set of flat pulleys, or at such other inter 
val as may be found advisable. the load is so centered 
on the belt at each of these points that it has no time to 
overflow before it is again centered between the next 
pair. In this way the use of a very wide belt is unnec- 
essary, but the conditions are not always favorable to 
this plan. 

On very long conveyers it is often advisable to have 


FIG. 3.—SECTIONAL VIEW OF NEW ELECTRIC POWER HOUSE BELOW NIAGARA FALLS. 





about midway a pair of idlers, running on a vertical a«'s, 
or inclined inward, so as to make a right angle with the 
edge of the belt. These will serve to keep the bel! 
straight on the pulleys if thore is any tendency to | 
toward onc side. 

The large pulleys at the end ofthe belt should 
slightly crowned on the face, and the pulleys should ' 
be less than 4 ins. wider than the belt. The drivis-- 
pulley ought never to be less than 30 ins. in diamet 
and in case of long wide belts 48 ins. is advisal 
——— Cr rrr 


*Abstract of a paper presented at the Pittsburg me 
a leer pega: mayen one ining Engineers, f°’. 
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atiows the first return pulleys to be so placed as 
the belt a very large arc of contact on the driv- 
ley. 

cover itis possible It is better to have the driving- 
at the delivering end of the belt; but, if it must be 
-eceiving end, a triple set of pulleys connected by 
.n be easily arranged which renders slipping im- 

with the longest and heaviest load. 
( the most wonderful things in connection with 
ipject is the exceedingly small amount of power 
-d to move enormous quantities of material. In 
se a 5-in. belt transmits all the power required 
; a conveyer which carries 1,000 tons per day a 
i oe of 180 ft., and elevates it 40 ft. while doing so. 





Fig. 1.—Best Method of Supporting Conveying-belts. 


The entire amount of power employed does not exceed 
4 HP. 

{ would like very much to give some rule for determin- 
ing the exact number of horse-power required for con- 
veying-belts running under different conditions, but I 
find it impossible, owing to the number of variable 
quantities which make up the load. One of the most 
important of these points is based upon the distance 
between the sets of troughing-pulleys. If they are 
too far apart the belt sags down between, which materi- 
ally increases the load. If, on the other hand, the idlers 
are too near together, the extra number of bearings 
makes another sort of resistance to be overcome. No 
general rule can therefore be made by which the 
required horse-power can be accurately determined. 

It is a simple matter to determine the necessary belt- 
width and speed to perform certain duty when the 
weight per cubic foot of the material is known. If the 
belt is troughed it is safe to estimate that the load itself 





Fig. 2.—Section showing Delivery of Coarse Material 
from one Belt to another. 


will cover one-half of the belt’s total width, and that 
the depth in the center will be one-quarter of its own 
width. The area in inches of a cross-section of the 
load (which we may consider an inverted triangle) will 
when multiplied by 12 give the number of cubic inches 
of material berne by the belt on each running foot of its 
surface. Multiply this result by some estimated speed 
to get the quantity in cubic inches that the belt will 
deliver per minute, and then reduce this to the number 
of feet, pounds or tons delivered per hour. 

For example: To find the number of tons of coal weigh- 
ing 100 Ibs. per cu. ft. that can be delivered by a 24-in. 
belt running 250 ft. per minute: 

As the belt is 24 ins. wide we may safely consider the 
load as being a triangle standing on its apex and having 
a base 12 ins. wide and a height of 3 ins, Therefore 
the area of its cross-section will be 18 sq. ins., and there 
will be, 18x 12=216 eu. the 
As the speed is 250 
livered from the end 
ins. per minute. This 
weighing 187,500 Ibs., or about 93 tons per hour. 

2 
lf As width of belt, then <= number of cubic 


ft. 
of 
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Records of Rainfall, in inches, at Charleston, W. Va. (on the Great Kanawha River), from 1885 to 1895, Inclusive 
(From records kept at the United States Engineer's Office in that city.) 


Months...........++... 1885. 1886. 1887. 1888. 1889. 
January............... 5.13 2.86 188 3.55 3.53 





February....... 60s Senn 2.49 810 3.25 2.13 
arch...... 1.57 4.10 2.69 4.28 1.97 
April 2.84 3.25 4.60 1.97 2.23 
ay 2.38 5.51 2.12 3.72 6.49 
June - 2.49 690 3.31 1.40 £7.19 
July.... 4.13 2.38 2.20 3.88 6.31 


cocccee Ge 7 4.96 4.64 1 
September............ 1.25 513 2396 620 5.6 
October.....206 eseesee 5.30 0.91 0.61 6.30 3.1 
November, .......c000. 2.08 4.32 1.16 2.69 53 

1 





1890, 1891. 1892. 1893. 1894. 1895. Averages. 
3.55 4.38 3.62 2.56 2.32 5.15 3.50 
6.86 5.47 2.08 4.43 5.00 073 3.88 
8.94 4.55 4.52 1.60 209 4.24 3.69 





4.48 231 499 3.16 2 60 3.27 
6.94 484 4.96 3.88 248 4.17 
2.#6 7.74 2.74 28 2.82 204 3.98 
2.93 3.79 4.08 329 0.42 4.43 344 
9.05 6.16 St 6.20 126 5.68 4.78 
3.08 1.23 1.59 2.40 4.00 1.16 3.16 


3.14 1.94 059 468 1.16 1.20 263 
2:0 3.25 3.75 2.28 2.50 18% 24 














December............. 1.61 278 2.73 1.67 1.60 5.40 2.83 3.59 227 262 2.73 
Totals...............35.51 44.20 36.32 43.64 47.50 59.23 48.49 40.78 4049 33.78 .... 
Dn PR os RI EG Oe SEES CR, ORL Be RE Aa ey ae ee ey ae 42.07 


inches carried on each running foot of the belt. If a 
belt is run flat it will carry about one-third as much or 
A? 

~ It is well to remember that when the width of a 


belt is doubled it will carry four times as much material, 
and when it is tripled it will carry nine times as much. 

In practice it is well to prepare for uneven and large 
pieces and for irregular feed by allowing a margin in 
either belt-width or speed, the two factors which govern 
the capacity of the belt. The widths of belting in most 
common use are 22, 24 and 26 ins., and the average 
speed is about 300 ft. per minute. I am inclined to favor 
higher speeds, especially for elevating at an angle, as it 
requires less power to lift a small sized load at a high 
speed than the same amount of stuff per hour in a 
larger sized load at a low speed. A good speed for level 
work is 450 ft. per minute; at an angle 650 ft. is not at 
all too fast; and I have seen belts working smoothly at 
900 ft. per minute and at an angle of 27°. Such speed as 
this, however, is hard on both the belt and idlers, and I 
do not recommend it 

Having decided upon the proper width of belting 
for the duty to be performed, the next points to be 
settled are the proper thicknesses for the belt and for 
its protecting cover. 

The following table shows the suitable number of 
plies for different widths of conveying-belts: 


Belts 20 inches wide and less should be ‘ ply. 


22 and 24 wide - 
“ 96 and 28. “ “ “@Q « 
oe 380 to 386 oe Or «“e 8 cfd 


The thickness of the rubber cover should be based upon 
the character of the stuff to be carried. For hard ma- 
terial weighing over 50 Ibs. per cu. ft. the cover should 
not be less than % in. in thickness. With the patent 
reinforced cover, it is possible to have this thickness 
at the centefF where it is needed, allowing it to taper off 
to 1-16 in. or % in. at tthe sides where the work is 
lighter. This, of course, makes the cost lower than if 
the same thickness of cover extended the whole Width of 
the belt. 

At the point where a belt receives its load it gets as 
much wear as it meets with in all the rest of its jour- 
ney. A few points should be borne in mind in connection 
with this part of the conveyer. The material should not 
be allowed to drop vertically upon the belt but should 
instead be so guided by an interposed chute as to strike 
the belt with as nearly as possible the same speed and, of 


course, in the same direction as that of the belt itself. 

If ore or rock is carried, there is bound to be wear 
wherever it touches. It is well, therefore, if it has to 
fall any distance to let its force be broken by striking 
first against an accumulated pile of itself and then 
roll off on to a chute, whence it may slide quietly upon 
the belt and not move until it reaches the end of its 
journey. See Fig. 2, which shows the device in use 
at the N. J. and Penn. Concentrating Works, Edison, 
N. J. 

The simplest method of lubricating the bearings is 
by means of compression grease cups which are dust 
proof and very economical. They are screwed into the 
ends of hollow shafts and a man, without stopping, 
can give the handles a turn as he walks along the belt, 
and this only has to be done once a day at most. Grease 
costing about 4 cts. per th. is generally used. 

Some of the purposes for which conveying-belts are used 
are the carrying of trap-rock and limestone in stone 
erushing plants, charcoal and ashes in sugar-refineries, 
ore in concentrating plants and mines, earth and stone 
in large excavations, blocks and logs of wood in pulp- 
mills, clay in brick-yards, coal in breakers, yards 
large power plants and culm piles, tobacco in process of 
manufacture, customers’ packages in large retail stores 
grain in elevators and flour mills, boxed goods in coffee 
mills, phosphate-ore in the southern mines and chemical 
fertilizer in plants all over the country. These are only 
a part of their uses, but the list of other purposes for 
which, though not employed, they are equally suited, 
and must some day be applied, would be a very much 
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RAINFALL RECORDS AT CHARLESTON, W. VA. 


The accompanying table shows monthly records 
of rainfall for eleven years at Charleston, W. Va., 
compiled from records kept at the U. 8. Engineer’s 
oftice in the city. The variation in both annual 
and monthly rainfall will be seen to be very con- 
siderable. It is a notable fact that the last two 
years have each witnessed a smaller rainfall than 
any other year included in the record. We are 
indebted to Mr. Addison M. Scott, resident engi 
neer, for this table, which deserves careful study 
by any one engaged in the study of water-supply or 
water-power problems in the southern mountain 
regions. 


WEATHER TABLE FOR FEBRUARY, 1896. (Furnished to Engineering News by the Department of Agriculture.) 


Temperature. 
(Degrees Fahrenheit.) 











Wind. Precipitation—rain or 
melted snow—inches. 


Velocity in Direction 


Stations. — miles per hour. at time sanitehestiil : 
riest NO. O 
‘rage. Max. Min. Range. of Max. Total. in rain} 
Ave ax 2 ang Average.! Max. velocity. 24 hours. Gare. 
_ { Northfield, Vt........ 15.4 42 | —30 | 9.3 36 w 4.45 1.52 16 
g | Portland, Me......... 22.4 |, 45 | -13 | 58 8.4 42 N 5.27 2.40 13 
z= | New York City....... 30.2 56 | — | 62 20.7 65 | w 5 50 1.63 13 
5 | Pittsburg, Pa........ 32.3 65 |— 2 67 9.4 36 NW 2.89 0.56 16 
| Chicago, Ill.... ...++- 26.6 58 |-— 9 67 19.9 48 | Ww 3.48 1.52 12 
E } Omaha,Neb......... 32.6 ™m | 2] 7 8.0 | 28 N 0.33 0.17 4 
= ) St. Paul, Mion....... 204 | 61 —14 | 75 8.9 42 NW 0.17 0.07 6 
$ | Duluth, Minn........ 164 | 54 |—20/ 74 103 | 37 | NW 0.19 0.09 7 
S | Bismarek,N.Dak.... 16.2 58 —19 |}. 77 . 9.8 48 NW 0 31 0.22 6 
* 1 Average... | 23.6 | 57 | —13 | 70 | 146 | 42 | | #52 | O91 | 10 
| | i 
( Washington. D.C.... | 36.7 | 60 | 8 | 52 9.9 | 42 NW 5.31 | 2.29 | 13 
; | Louisville, Ky........ 37.0 73 3 70 10.6 38 Ww 3:16 | 1.03 12 
& | St. Louis, Mo......... | 368 75 12.7 42 NW 281 | 1.77 6 
= Savannah,Ga........ | 53.6 75 | 2 | 54 10.0 40 m 2.98 0.92 7 
Kansas City, Mo. .... 35.8 7. i <2? 67 . } 82 | 058 
g { Jacksonville, Fla.... | 56.8 79 | 27 52 10.0 48 Sw 1.66 | 0.53 - 
& | Chattanooga, Teun.. | 438 70 | 8 | 62 8.6 38 Ww 4.84 | 1.26 9 
& | New Orleans. La..... | 564 73 | 37 | 36 10.2 | 32 w 2.78 1.08 * 
S | Memphis, Tenn.. 44.8 a ae | 53 13.2 | 38 w 3.19 | 0.95 ~ 
8 | Palestine, Tex. ...... | 52.8 | 76 | 32 | 44 a2 | 26 SE 70s | 241 | 10 
| Avernat............| 464 | 78 | 17 | 5@ | 10. | 37 | | 346 | 198 | 9 
; ( Helena, Mont........| 346 | 60 | —3 | 63 | 100 | 48 | 8W 0.59 | 0.26 | 6 
& | Port Angeles,Wash..| 420 | 57 | 20 | 23 | 64 | 38 | .sw | 393 | 1:75 | 19 
= | San Francisco,Cal.. | 55.3 72 44 28 70 | 24 | Nw | 686 | 618 | 5 
© | salt Lake City,Utah. | 36.8 | 60 13 | 47 52 | 48 | Nw | o6 | ov | 7 
fi { Santa Fe. N-Mex...| 330 | 87 7 50 74 | 38 | NW | 057 | Of: | 6 
Denver, Col.......... | 37.8 68 9 59 9.5 54 | NW 0.24 | O13 | 3 
| Yama, Arie sc0000002 | eos | 91 | 34 | 57 | 79 | a | NW 0.00 | 000 | 0 
2 42.9 | 66 19 47 76 | 42 | 090 | 040 | 7 
i j 
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This issue of Engineering News contains 32 
pages of reading matter, eight extra pages hav- 
ing been added on account of the space taken up 
by the report of the Nicaragua Canal OCommis- 
sion, which is reprinted in substance this week. 
The proprietors of Engineering News look for- 
ward to the time when its circulation and adver- 
tising patronage will warrant the publication of 82 
or more pages of reading matter in an issue, not 
once in two or three months,as at present, but every 
week. There is no dearth of interesting and val- 
uable matter to fill such additional space; in fact, 
the chief labor of the editors at present is to 
select from the large number of contributions 
coming to this journal that material which, on the 
whole, possesses the greatest practical value and 
interest to its readers. 

Assuming that all our subscribers will welcome a 
permanent addition to the number of pages in 
Engineering News, we venture to suggest that 
they can do much to hasten this desired end, by 
taking pains to make the merits of the journal 
known to engineers who are not subscribers, by 
directing possible advertisers to its columns and 
by referring to the paper when corresponding 
with its advertisers. We are aware that many 
of our subscribers already take pains to aid us 
in these ways, and we take this opportunity to 
extend our thanks for these courtesies, which are 
none the less sincerely appreciated, although 
lack of time too frequently prevents their ac- 
knowledgement by letter. 





In connection with the pressure upon our space, 
to which we have referred above, we may say 
a word concerning the rejection of contributions. 
The editors of Engineering News are always 
glad to receive contributions or correspondence 
offered for publication, descriptions, drawing, 
blueprints and photographs of engineering works, 
and all matter received is given careful examin- 
ation. From it the editors select that which they 
conceive to be, on the whole, of greatest practi- 
eal interest to the readers, and other contribu- 
tions are returned to the sender, whenever it is 
understood that a return is desired. It should 
be plain enough from this that the return of a 
contribution by no means implies that it is lack- 
ing in originality or merit, or even that it is 
deficient in interest to the readers of Engineering 
News. The editors have to bear in mind not only 
the intrinsic merits of an article, but the strict 
limitations of space and also the needs of various 
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classes of the readers, some of whom are es- 
pecially interested in sanitary engineering, others 
in structural engineering, ethers in mechanical 
engineering etc. 

We hope, therefore, that our readers will con- 
tinue to send us matter for publication, even 
though some of it may at times be returned to 
them. It should be plainly understood that all 
such matter is welcomed by the editors, as it 
gives us a larger field from which to make a se- 
lection; and the courtesy of the sender is appre- 
ciated even though the matter sent may be finally 
found unavailable for use. 

pease 

During the discussion of the deficiency in the 
carrying capacity of the 48-in. steel water supply 
main of the East Jersey Water Co., it was sug- 
gested that the cause of this was largely due to 
not making proper allowance for the friction 
caused by the projecting joints and rivets. Just 
what difference this would make as comypared 
with cast-iron pipe was not suggested, nor were 
any estimates made of the increased cost of butt 
joints and countersunk rivets. Evidently Messrs. 
Rice & Evans, engineers for water-works exten- 
sion at New Bedford, Mass., and perhaps Mr. 
R. C. P. Coggeshall, Superintendent of the works, 
thought they would throw some light on one of 
the points. The improvements at New Bedford 
include a 48-in. force main of 5-16-in. riveted 
steel, 42,500 ft. in length. In inviting bids for 
this main it was specified that all proposals 
must include prices both for butt joints with 
countersunk rivets and for ordinary lap joints. 
The bids were received on March 19, and are 
published in detail in our Construction News 
Supplement. The specifications are identical for 
the two classes of work, except in the matter of 
the circular joints. The specified lap for ordinary 
joints was 2 7-16 ins., with single riveting, and 
the width of the straps was 5% ins., the thickness 
of the straps being the same as the pipe. The 
number of rivets at the circular joints would be 
exactly doubled, and the amount of joint metal 
practically so, for the butt joints, to which 
is to be added the cost of countersinking the 
rivets for both the circular and longitudinal 
joints. The specifications provided that the 
countersunk rivets should not extend more than 
\% in. into the pipe, and that the plates should 
make up into noi less than 6-ft. lengths. The ex- 
tra cost per foot, as shown by the bids, of the 
butt joint over the ordinary pipe, not inclu ling 
excavation and backfilling, ranged from 7 to 18 
per cent. The lowest bidder asked $5.10 for lap- 
jointed and $5.65 for butt-jointed pipe, an excess 
of 11 per cent. for the latter. Taking the other 
parts of the work into account, the excess on 
the completed job would be only about 7 per 
cent. The butt joints would allow the use of 
smaller pipe; just how much smaller is not known, 
but probably it would so reduce the cost of the 
main as to more than offset the extra cost of the 
butt joints and countersunk rivets. The cost of 
trenching, backfilling, sheeting and other work 
made up about one-third of the total of the h-w- 
est bid, leaving the two-thirds of the cost of the 
work most affected by diminution in the size of 
the main. 


When an efficient engineering device has been 
designed, built, put into use and proved to be of 
value, the extent of its general introduction is 
apt to depend not so much upon its actual merit 
as upon the energy with which it is advertised. 
In many cases it fails to become well advertised 
because it is not protected by patents, and there- 
fore no one has sufficient inducement to spend 
money in pushing it, because much of the re- 
sults of his energy and expenditure is apt to 
accrue to other manufacturers who begin to make 
the article only after it has become well known. 
A case in point is that of conveying belts, such 
as those described by Mr. Thomas Robins, Jr., 
in a paper of which we give an abstract in this 
issue. His remarks on the reason why conveyer 
belts have hitherto been so little used are appli- 
cable to many other things than conveyor belts, 
and we quote them below as a matter of general 
interest to engineers: 


You may say, “If this belt method of conveying is all 
that this man claims, why haven’t we heard more about 
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it? Why isn’t it used more widely?” My a; 

this: The various systems of sprocket-chain, m Ss 
trough and screw conveyers and the over_he-. ble 
system have all been owned by manufacturing ete: 
who make them known by advertising, underts a 
construction and ins’ » and guarantee ! As 
to conveying-belts, no fundamental patent on - me 
ciple could be secured; and because a belt-cor, is 
composed of two parts which are about equa! + 


and the products of entirely separate kinds of « 

ture (I refer to, first, the iron pulleys and other 

ing and, second, to the belt itself). no {; Z 
felt like pushing the sale of a conveyer when a 
that some rubber manufacturer would share « 
the profits, and the rubber man would doubt). 
felt the same if, with his less extensive know 
machinery, the thought ever occurred to him at « 
so, between them, the belt-conveyer has been 
except where its merits compelled the recognition 
wide-awake and self-reliant engineers. It hus | 
property of no one. Nobody’s living depended ts 
exploitation. It was to the interest of no one : : 
sponsor for it; to develop, push it and perfect i: : 
are no data published about it, and each man y 
it to-day is practically the inventor of his own a; 
which he has brought to its present state only 
expensive and vexatious experience. If an engi: 
day has a conveying-problem to solve and the 
of a belt occurs to him, immediately after co 
questions: What kind of a belt? What wid! 
should it be run? On what? At what speed? W! 
I find out? Being unable to answer any of the: 
tions, and not caring to try experiments, his natu 
clination is to state his needs to the well-know: 
facturers of conveying apparatus and make a 
with one of them, thereby shifting the responsib 
soon as possible. The load of responsibility is ap; 
charged for along with the apparatus, but even t! gt 
price of the latter contains no suggestion of the er: i 
= expense incurred in running and keepin: 
order. 
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THE REPORT OF THE NICARAGUA CANAL COMMIssi0N. 


The report of the Board of Engineers appo!: ted 
by the President to ascertain the feasibility o° the 
Nicaragua Canal enterprise has at last been mid 
public, and proves to be a document of grea 
terest and importance. No engineering enterpris: 
since the building of the first Pacific railway has 
attracted such world-wide attention. It is little 
more than a year ago that the U.S. Senate p { 
an act guaranteeing bonds of the Canal Co. to the 
extent of $70,000,000, in consideration of a share 
by the government in the control of the canal and 
the ownership of $70,000,000 of the company’s 
stock. This bill did not pass the House, however, 
and in its place an agreement was finally reached 
by which $20,000 was .appropriated to send a 
Board of Engineers to examine the canal and re- 
port upon its feasibility. In the light of the facts 
set forth in the report, which we reprint nearly in 
full in this issue, this $20,000 appears to have 
been one of the best investments that the United 
States has ever made. The nation has in this in- 
stance pursued the course which every wise capi- 
talist and financier follows when he is invited to 
invest in an enterprise of whose technical details 
he is himself not fitted to judge. It has secured 
advice from competent and disinterested experts 
and their exhaustive report presents much fuller 
information concerning the Nicaragua Canal «11- 
térprise than has ever before been available. 

We may briefly sum up the Board’s report as 
follows: (1) The surveys made for the canal line 
by the company, even when supplemented by the 
work of the previous government surveys, are in- 
sufficient to form a basis for a safe estimate of 
the cost of the canal or a safe decision as to its 
feasibility upon the route proposed. (2) The sur- 
veys made are insufficient to determine whether 
the route adopted by the company is the most aid- 
vantageous that could be selected. (3) The Board, 
by supplementing existing information by as- 
sumptions made on a conservative basis, co- 
putes the cost of a canal upon substantially ‘! 
route chosen by the company at 133% million ( 
lars, in round numbers, or about double the co: 
pany’s estimate of cost on which it based its 2)- 
peal for government support. 

It is fair to say that a part of this increase 
estimates is due to the fact that the Board’s es’ - 
mate is for a canal 30 ft. in depth with larg:r 
locks and with a greater- width and flatter slop:s 
over a large part of the route than those propos 
by the company and used in computing its es' 
mates. Further, the Board has, as it was in du’) 
bound to do, made its estimates conservati' 
and in case of doubt it has made its estimat: 
cover the cost under the most unfavorable con: 
tions which it considered at all probable. It m: 
well be, therefore, that if the complete and e>- 
haustive survey which .the recommen: : 
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reduce its figures at many points, although, 
. other hand, the other contingency must be 
that the further survey might reveal diffi- 
which have not yet appeared. : 
report as a whole is worth careful study by 
engineer interested in the Nicaragua pro- 
and even apart from it, it possesses great 
for its exhaustive discussion of some engi- 

« problems which are of frequent occur- 

The review of the subject of rock-fill dams, 
<ample, is by far the most complete that has 

een made. 
most of our readers will recall, the location 
he canal made by Mr. Menocal and adopted 
he company differs from that on which any 

has ever been anywhere built by its em- 
ent of great submerged basins, confined by 
| dams and embankments, so that the actval 
| excavation is reduced to small proportions. 
plan undoubtedly possesses certain great 

»| weighty advantages over the alternative plan 

a low-level canal along the San Juan valley; 
the Board points out and explains in detail 

h» bold and unprecedented character of the great 

‘ks which are to confine these basins; and evi- 

tly in its opinion the risks attendant upon 
these are quite likely to more than offset the ad- 
vantages which are claimed by their use. Con- 
cerning most of the works proposed by the com- 
pany no question of feasibility is raised; the 
Board's criticisms are merely directed toward se- 
curing more ample and stable waterways and in- 
creasing the estimates to more certainly cover in- 
creases in quantities or safer unit.prices. The 
greatest works which the company proposes, 
however, are made necessary by its choice of the 
high level location of Mr. Menocal on the eastern 
division. These are the great Ochoa dam, the 
deep rock cut through the eastern divide and the 
long line of embankments which are to confine 
the San Francisco basin. As to all these features 
the Board declares that fuller data must be col- 
lected before they can safely be approved as feas- 
ible, and a similar opinion is held respecting the 
upper San Juan navigation, the harbor at Brito 
and the great dam at La Flor; the last, indeed, is 
wholly discarded by the Board, and a low-level 
canal is recommended in place of the Tola basin, 
which this dam was to create. 

But the question which most interests both en- 
gineers and the general public is: What is likely 
to be the future of the Nicaragua enterprise, in 
the light of this latest information concerning it? 

Not much is to be hoped for it is to be feared, 
from the present Nicaragua Canal company. Its 
assets appear to consist chiefly of its concession 
(a property of doubtful value in view of its limi- 
tations, and the present unsettled political condi- 
tions of that country), and a mass of machinery 
at Greytown, most of which is already fit only for 
the scrap heap. The work expended on Greytown 
harbor and upon the short section of canal just 
back of it, has practically gone for nothing, ac- 
cording to the Board’s report. For the sums ex- 
pended in attempts at financial promotion, there 
is of course nothing to show; and its surveys, 
although more complete than those made for any 
other isthmian canal, are, in the opinion of tne 
hoard, manifestly far too meager to form a safe 
basis on which to found a new corporation. 

We believe that no small credit is due to the 
public-spirited and enterprising financiers who 
have furnished the funds for the work thus far 
carried out by the Nicaragua Canal Co.; but few 
of them will feel like going down into their 
pockets again to resuscitate the enterprise in 
view of the present knowledge concerning it. On 
the other hand, there seems little reason to expect 
that any other group of financiers will care to 
take up the project, at least for some years to 
come. If the existing company was unable to 
secure public subscriptions of any amount in 
1890-98, when everything appeared favorable to 
the enterprise, certainly a new company would 
stand small chance at the present day, when the 
Manchester canal has, justly or unjustly, given 
such a black eye to ship-canal enterprises gener- 
ally. 

But on the other hand, there is nothing what- 
“ver in the Board’s report to alter the opinion of 
‘hose who believe that the Nicaragua Canal will 
eventually be built and that when constructed it 
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will constitute one of the most useful and bene- 
ficent engineering works of the world. The traf- 
fic that would seek a ship-canal across the Cen- 
tral American isthmus is generally admitted to 
exceed by far that which would be served by a 
ship-canal at any other location on the globe, 
Moreover, the civilized world is constantly ac- 
cumulating vast stores of capital, which seeks in- 
vestment on any terms, if only reasonable safety 
and a moderate but certain income are assured. 
The world is being ransacked more closely all the 
time in search of opportunities for profitable in- 
vestment, and the enormous income which can be 
counted on with almost absolute certainty for a 
trans-isthmian canal must prove a permanent at- 
traction to investors. 

More important questions concerning the Ni- 
caragua Canal than whether its cost will be 70 
million dollars or double that sum are: What will 
be the risk of its total destruction by earthquake? 
What effect will the enormous tropical rainfall, 
amounting to 25 ft. in a single year, have upon 
its excavations and embankments? Will the 
Nicaraguan climate prove fatal to workmen, so 
as to increase the cost of the work by unknown 
amounts, and finally render its completion impos- 
sible after great sums have been expended? 
Every one of these points is fully discussed by 
the Board of Engineers, and on every one a dis- 
tinctly favorable conclusion is reached. There 
appears to be no reason, then, why a safe and 
permanent canal should not be constructed across 
Nicaragua, either on Mr. Menocal’s location, or 
on some other one if another more favorable is 
found. The only question is, will it pay? 

On this point it may be said that the U. S. 
Bureau of Statistics estimated some eight years 
ago the traffic then existing which would seek 
such a canal at over 5,000,000 tons per annum; 
and making fair allowance for the constant 
growth in ocean traffic and international ex- 
changes, 7,000,000 to 8,000,000 tons seems a con- 
servative estimate of the traffic which would 
seek the canal at the earliest date on which it 
could now be completed. It may be noted in this 
connection that the Suez Canal in 1895 carried a 
traffic of §$,448,245 tons, on which the tolls 
amounted to $15,631,748. The advantage of the 
Nicaragua route to the traffic which would seek 
it is quite as great as the Suez, and although 
like every new transportation route, a certain 
time would be necessary to divert traffic from 
present routes, it seems a conservative estimate 
to assume that its annual income would amount 
to not less than $8,000,000 at the outset. 

This would more than suffice to pay the inter- 
est on even $200,000,000, if the cost of the canal 
should reach such an immense sum, provided the 
payment of the interest were secured by a gov- 
ernment guarantee. The prospect that the canal 
could be built for half that sum or less and the pros- 
pect of steady and rapid growth in its traffic and 
income certainly make the Nicaragua canal en- 
terprise among the most attractive of the great 
engineering works of the world, far more so, for 
example, than any of the numerous ship canal en- 
terprises in the United States, some of which 
have succeeded in attracting so much public at- 
tention. 

In view of all these facts, it seems entirely 
clear that Congress should at once provide for 
the fuller surveys and investigations of the Nica- 
ragua Canal enterprise which the Board has rec- 
ommended. Even if the present or another com- 
pany is later to undertake the work of construc- 
tion, the United States should make these ex- 
tended surveys before it grants to the company any 
financial aid. And if no financial aid is to be ex- 
tended, then the government must, it is prob- 
able, at least make these surveys to settle the 
feasibility of the enterprise, as otherwise it may 
lie dormant for many years to come. It is ‘to be 
borne in mind that such surveys, made by an 
independent commission of engineers, employed 
by the government, would have an influence 
upon investors that no survey made by a canal 
company, no matter at what expense, could pos- 
sibly have. 





Since the above was in type, the Nicaragua 
Canal bill has been reported by the House Com- 
mittee on Commerce, with provisions which are 
given briefly in another column. It is not quite 
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clear what is the governing object of the commit 
tee in favoring the assumption by the govern- 
ment at this time of the control of the canal 


with the guarantee of interest on $100,000,000 
of bonds. It seems premature for the govern- 
ment to fix the capitalization and underwrite the 


bonds of the enterprise until data are secured 
by which the feasibility of the canal can be af- 
firmed and final and accurate estimates of 
its cost can be made. Certainly no money should 
be spent on construction until these surveys are 
made, and there is no need of floating bonds to 
raise money until money is needed for actual 


construction. 
But whatever the action of Congress upon this 


bill may be, it should not fail to provide for 
the immediate undertaking of the surveys in 
Nicaragua which its able expert board has rec- 


ommended; and these surveys will carry more 
weight by far with the financial and business 
world if they are made directly by a government 
commission of engineers, than if made in the 
name of the Nicaragua Canal Co. Such a com- 
mission ought to include the ablest members of 


the profession, and to represent both its militiry 
and civil divisions. It is to be remembered 
that the final selection of a route must be to a 
considerable extent a matter of judgment; and 
the magnitude of the engineering problems in- 
volved in such a decision demands not only a 
thorough collection of all the facts involved, but 


the highest professional! ability and experience 

in the men who are to weigh these facts and 

make the final decision upon these problems 
The wisest course for Congress to pursue, there- 


fore, would appear to be the creation of an en 
gineering commission to immediately undertake 
the surveys which the Board of Engineers has 


recommended. 

The trivial expense which is involved in the 
proposed surveys is a mere bagatelle beside the 
prospect of benefit which the United States 
would derive were the canal built by any means 
whatever. If the matter of $350,000 is to stand 
in the way of these surveys being made, then by 
all means let us make shift to get along with 
one torpedo-boat less, and devote the amount 
thus saved to settling, once for all, the feasi- 
bility of the Nicaragua Canal and the most 
economical plan for its construction. 


A 


LETTERS TO THE EDITOR. 


The Benefit of Sewer Underdrains at Brunswick, Ga. 


Sir: It may be of interest to your readers to see the 
following reply from Charles S. Wylly, City Engineer of 
Brunswick, Ga., to my question as to the effect on the 
standing water, of the operation of the draining tiles laid 
in connection with the sewers of that city. Mr. Wylly 
says: 

From Aug. 12 to Sept. 18 we had a continuous fall 
of rain, the daily average being larger than I or most 
people can remember. As a consequence the discharg: 
from the 3-in. subsoil tiles increased to such an exient 
that I was forced temporarily to employ an assistant to 
the engineer in charge of the pumping station, which, for 
eleven days, was run continuously. In no case did any 
water stand in any spot within the sewerage limits 
longer than from three to four hours, and then only in 
the very lowest places. The subsoil drain works per- 
fectly, and the worst kickers have recognized its 
benefit, and that it is above local criticism. Ali here rec- 
ognize the benefit of the subsoil drainage and say for 
the first time Brunswick is a dry town. The practical 
proof is that, in making excavations for foundations or 
ditching, we go some 3 ft. lower before striking water. 

Before Brunswick was sewered its large, almost level 
area was for a great part of the year saturated nearly 
to the surface, and all depressions were ponds for som: 
time after each rain. Very truly yours, 

Geo. E. Waring, Jr. 

Dept. of Street Cleaning, New York, March 16, 18096. 


Mr. Mansergh’s Report on the Toronto Water Supply. 


Dear Sir: In your review of Mr. Mansergh’s report on 
the Toronto Water-Works in your issue of March 12 you 
state that ““Mr. Mansergh advises filtration, which none 
of the other engineers did in their reports.’ As chief 
engineer of the works during their construction I 


beg to say that the original scheme, as recommended — 


by Messrs. Thomas C. Keefer. Past President Am. Soc. 
Cc. E. and Past President Can. Soc. C. E., and E. 
8. Chesbrough, M. Am. Soc. C. E., included a filtration 
acheme which was carried out under my direction, and 
which was successful when filtering the quantity which 
the works were designed to supply, but when double the 
quantity of water was required the head became so 
great that it forced into the basin some coloring matter 
and moss that was found 12 ft. below water in a 12-in. 
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streak, of what was probably the bottom of an ancient 
bed of the lake. 

Nothing was done to remove this thin stratum con- 
taining organic matter, as there were so many preju- 
dices against this basin, and so many persons had prophe- 
sied that it would fail to filter, and fail from a great 
variety of other causes, from none of which it did fail, 
that when the basin was overworked, and moss from 
the stratum above mentioned came in, all those who had 
prophesied against it, and all the many opponents of 
the honest administration of the water commissioners 
shouted “I told you so.”’ After the works were taken 
over by the city council nothing further was done with 
reference to filtration, though the bad material might 
have readily been removed during the enlargement of 
the basin, which was necessary in order to furnish the 
supply demanded by the great increase in consumption. 

Mr. Mansergh’s report fully justifies the scheme of 
supply laid down by Messrs. Keefer and (hesbrough in 
1872, which has been so bitterly attacked by the city 
council ever since, and if ordinary intelligence had been 
used in managing the works after they came into the 
hands of the city counci] there would never have been 
any trouble in maintaining a supply of good pure water. 

I have not yet seen Mr. Mansergh’s report in full, 
but I learn that he approves of the tunnel scheme. 
He no doubt recommended it because he supposed from 
the city’s recent experience that a pipe could not be 
laid that would be tight. I am quite confident, how- 
ever, from my experience with these works, that it is 
a very easy matter to lay a tight pipe, through the island 
and across the bay, between the lake and the pumping 
well, and to obtain by this means a full supply of pure 
water at a much less cost than by the tunnel scheme. 

Yours truly, P. Alex. Peterson. 

Mortreal, March 16, 1896. 


{We were aware that an infiltration basin was 
in use long ago. Our remark had reference to 


purification by means of artificially-prepared fil- 
tered beds.—Ed.) 


The Future Water Supply of Greater New York.—Sug- 


gestions for a Dual Supply, 

Sir: Your recent editorial on the probable water con- 
sumption of the greater New York in 1920 unfolds a rather 
discouraging view of immense expense and great diffi- 
culties. Would it not be much cheaper and quite prac- 
ticable to provide two sources of supply and two lines 
of pipes: One for potable water from the Croton or other 
watershed, and one for industrial and fire purposes from 
the Hudson River. 

Fully three-fourths of the water consumed in our 
cities is used for fire purposes, street sprinkling and 
washing, lawn sprinkling, hydraulic elevators, washing 
carriages and wagons, floors of stables and factories, 
washing and cooling purposes in factories, and other 
like purposes for which potable water is not necessary. For 
these requirements a separate system of pipes would be 
much cheaper than a distant source of supply for the 
whole immense demand. The present source of supply 
would then suffice for the demand of potable water for 
many years to come. Hudson River. 

March 17, 1896. 

(The Hudson River off Manhattan Island and 
for a long distance above it is too salt and too 
dirty to be used as a water supply, except pos- 
sibly for fire protection, street sprinkling, sewer 
flushing, and perhaps a limited range of in- 
dustrial purposes. The aggregate use of water 
for the public purposes named is very small 
compared with the total consumption, although 
large quantities may be used during. short pe- 
riods for fire protection. To duplicate’ street 
mains and service connections in a city like 
New York would involve a very large cash out- 
lay, besides much interruption to traffic and in- 
convenience and loss to business houses. In the 
case of New York, the brackishness of the water 
might keep people from drinking it, but else- 
where the fatal objection to a dual supply is that 
most people drittk the water that is handiest, un- 
less it is distasteful, so that the impure supply 
intended for industrial purposes solely would be 
largely used for drinking. The great cost of 
duplicating a pipe system for New York and in- 
stalling and operating pumping machinery would 
go a great way towards providing an equal 
amount of pure water from a gravity source, 
averting danger from the impure supply and ob- 
viating the necessity of tearing up the streets of 
a busy and crowded city. 

The duplicate fire mains in use at Cleveland 
and one or two other places have been provided 
not to husband a scanty water supply, but to 
supplement inadequate distributing mains or to 
provide higher pressure, these fire mains being 
filled by powerful pumps located on fire boats.— 
Ed.) 
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The Diminution of Typhoid Fever in Philadelphia. 


Sir: I have just read the remarks in your issue of 
March 19, under the heading “The Proposed Experiments 
on the Filtration of the Philadelphia Water Supply.” 
While I heartily agree with you as to the necessity 
of filtering our water supply, and while I appreciate 
very highly your approval of my course in giving a 
reason for the faith that is in me, I must ask leave 
to correct a false and very injurious impression which 
your remarks tend to convey respecting the health of this 
city. I refer particularly to the following passages: 

Many a person throughout the country remembers the 
“Philadelphia fever,’’ contracted by himself or some 
relative or friend during the Centennial. . . . Since 
1876, as before, Philadelphians have suffered with ty- 
phoid, and hundreds of deaths have been caused by the 


disease. The death roll from typhoid, caused by 


impure water, has reached a length that calls for a 
change. 


While each of these statements is in itself literally and 
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Fig. 1.-Typhoid Fever Mortality per 100,000 of Living 
Population, in Philadelphia, 1861 to 1895, Inclusive. 


strictly true, they tend, when taken together, to convey 
the erroneous impression that the conditions obtaining 
in 1876 have continued unabated, or even intensified 
ever since. 

To show that this is far from being the case, I submit, 
hcrewith, a diagram, Fig. 1, compiled in this Bureau 
from the rctorts of our Board of Health, and showing, 
for each ycor from 1861 to 1895 inclusive, the number of 
typhoid deaths for each 100,000 inhabitants. 

As you will see, the Centennial year of 1876, like the 
four years of the civil war, marked an altogether ex- 
ceptional state of affairs. 

In both cases our actual population was swelled by a 
very large influx of non-residents, who do not figure in 
the divisor used in obtaining the quotients plotted in the 
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Fig. 2.—Typhoid Fever Mor- Fig. 3.—Percentage of Ty- 
tality in a Section of Phila- phoid Cases Proving Fatal 
deiphia Before and After in Philadelphia from 1886 
Abandoning the Delaware to 1895, Inclusive. 

River Pumping Station. 


diagram. It is needless to point out that the condition 
of those who were thus added to our numbers during the 
war was highly favorable to the development of an ab- 
normally high typhoid rate; and this was also the case, 
though perhaps to a less degree, during the Centennial. 
Our visitors, as well as our citizens, by reason of the 
fatigue incident to arduous sight-seeing, rendered them- 
selves an easy prey to zymotic disease; overcrowding was 
the rule, even in private dwellings, to say nothing of the 
hundreds of hotels and boarding-houses improvised 
for the occasion. The summer was an exceptionally hot 
one, and it is alleged that, in spite of the vigilance of 
our health authorities, gross violations of sanitary laws 
eccurred within the exhibition grounds themselves. 

Under these circumstances it is not strange that in 
1876 there were 92 typhoid deaths per 100,000 of fixed 
population, a very much higher number than has been 
reached at any time since the war, and 35 higher than 
the average (58) of all the years since 1865, including 
18:6 itself. 

In the discussion upon the crdinance making an appro- 
priation for a filter plant, it was stated, upon the floor of 
Councils, that the records of the Board of Health showed 
a centinucus decrease in the typhoid death rate, and that 
this improvement progressed in the face of a steady de- 
terioration in the quality of our water supply. 
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The diagram, Fig. 1, shows that, except in 
four years, the typhoid death rate has increas. 
than diminshed, the average for 1880-91 beng 4 
higher than that for 1866-79, and the latter, in ; 
tinctly higher than that for 1861, on 

During the last four years, however, the rate 
much less than at any other time during the 35 
braced in the diagram, and these years have fo}) 
tain notable steps taken for the improvemen: 
water supply. I refer particularly to the com) 
the intercepting sewer, in 1888, by which a \. 
amount of pollution was diverted from Fairm. 
and to the final abandonment, in 1890, of the y 
old ‘‘Delaware”’ pumping station. 

In his report for 1889, my predecessor, Mr. 
Ogden, referring to the measures taken for t); 
tion of the Schuylkill supply, enumerates sewers 
te houses, dwellings, omnibus and car stab): 
rolling mills, breweries, gas works, water clos 
houses, paper mills, an oil refinery, the House o/ 
and Girard College, all of which polluted the Jo, 
Fairmount pool. By the establishment of Fa 
Park and the construction of sewers, all of this ; 
been removed or turned into the river below Fa 
dam, at a total cost of over $7,000,000. 

The ccmpletion of this intercepting sewer, in 1 
the final abandonment of the old Delaware pun) 
ton, in 1890, ere indicated in Fig. 1. The Delay 
tion was in a densely populated district and i: take 
drew from the river immediately below the mouth «/ the 
large Grrner’s Run or Aramingo sewer. Its aban ent 
was marked by an immediate and notable decre:s 
typhoid mortality in the district supplied by it, a: WI 
by Fig. 2, which is plotted from figures given ), [Dr 
Henry Leffmann, of this city, in the Proceedings the 
Engineers’ Club of Philadelphia, for January, 1\ It 
may well be credited with an important shar: the 
striking improvement shown in Fig. 1 between 1)! and 
1892.* 

It must be remembered, also, that while no municipal 
filter has been erected, the pollution of the Schuy kil! 
water by anthracite coal dust, a feature which I find first 
referred to in the report of Mr. Ogden for 18s, has 
forced our citizens, and more particularly our keepers o 
hotels and restaurants, to a very general use of domesti 
and larger filters. It is altogether probable that, by thus 
forcing filtration, the ‘‘black water” of the last few years 
has been a blessing in disguise, improving the quality of 
much of the water used for drinking, and thus contribu- 
ting, as might have been expected, to the lowering of th: 
typhoid death rate. 


last 


er 


Another cause of the improvement shown in lig. 1 
may be found in the increased ability of our physicians 
to deal with typhoid cases. I submit, herewith, in lig 
3, a diagram compiled from data furnished me by lr 
Wm. H. Ford, President of our Board of Health, and 


showing a nearly continuous decrease in the ratio be 
tween the number of typhoid deaths and the number otf 
typhoid cases from 1886 to 1895. The returns of «ase 
are admittedly defective, but the ratio of defect is prot 
ably a constant quantity, and the record may therefore 
safely taken as a means of comparison. 

For the purpose of comparison I have drawn, upon Fig. 
1, a diagram showing the numbers of deaths from 
“fever,”’ including typhoid, per 100,000 persons living, i 
London, from 1885 to 1891, taken from the evidence 0! 
Thomas Orme Dudfield, M. D., Vice-President (and Past 
President) of the Society of Medical Officers of Health, 
and for 21 years Medical Officer of Health for Kensing- 
ton, before the Royal Commission on Metropolitan Water 
Supply. 

A comparison of this diagram with that for Philadel: 
phia, shows that the need of filtration is sufficiently ©v'- 
dent without any exaggeration of our city’s typhoid mor- 
tality. John C. Trautwine, Jr., 

. Chief of Bureau of Water. 

Department of Public Works, Philadelphia, 

March 19, 1896. 


(We had no idea of conveying the impression 
that typhoid fever in Philadelphia had been 
on the increase since 1876, much less continued 
at the same high figure. What we did wish 
show was that Philadelphia has had a notor- 
ously bad water supply for years past, and that 
something should be done to remedy it. Fis. 1 
shows an unquestionable decrease in the num)er 
of recorded deaths from typhoid. At the same 
time, as Mr. Trautwine says, it is sufficient «v'- 
dence of the need of filtration, or some othe! 
change, without resorting to exaggeration. [ut 
Figs. 1 and 3 together indicate plainly that t!: 
number of cases have fallen at no such rate «s 
the number of death per 100,000 living. Takins 
the deaths from Fig. 1 and the percentages 


*A reference to Dr. Leffmann’s paper shows that 
ing four months of 1889 no water was pumped at 
Delaware station, and that during er months ‘'¢ 
amount was small. This will in explain the decres:¢ 


of deaths in 1889, which was greater than in 1890.—E. 
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March 26, 1896. 


eat,| cases from Fig. 8, we may compute the 
‘a imber of cases per 100,000 for each year 
2x6 to 1895, inclusive, as follows: 


Percent Deaths Tot. cases 

fatal cases. per 100,000 living. 
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After various changes of plan the final di- 
mensions were fixed at 900 x 60 x 20% ft., and the 
lock is practically finished at a cost of $4,000,000, 
including the canal of which it forms a part. 

In considering the prospects for an increased 
trade through the St. Lawrence to Montreal, 
when the canals are all deepened to 14-ft. draft, 
the late unparalleled reductions in freight rates 
on the upper lake become an important factor. 
Mr. Monro points out that this is largely due to 
the rapid increase in the individual tonnage. of 
lake steamers; the aggregate tonnage being 
be built at a cost of about $8,500,000; and 42 of 





FIG. 1.—VIEW OF FOLDING GATE AT THE WALLABOUT DRAWBRIDGE; BROOKLYN, N. Y 
Augustus Smith, Builder. 


It may well be that the cases are more fully re- 
ported now than ten years ago, but this still leaves 
room for the belief that the mortality is falling 
faster than the number of cases, without regard 
to the increased skill of the physicians.—E1.) 


TT 


THE ST. LAWRENCE WATER ROUTE TO THE SEA. 


In his address as retiring President ef the Ca- 
nadian Society of Civil Engineers, Mr. Thomas 
Monro, M. I. C. E., on Jan. 15, last, briefly con- 
sidered the St. Lawrence River as the great Ca- 
nadian water route. He criticized the action of 
the Commission of 1870 in adopting dimensions 
of 270 x 45 x 12 ft. for the locks of the main Ca- 
nadian canals. The Welland Canal was com- 
menced in 1873 and completed on this plan in 
1881, at a cost of about $14,000,000, and then 
$2,000,000 more was expended in deepening this 
to 14 ft. These locks are now too small for many 
of the lake vessels, and contrast badly with the 
U. 8. lock of 515 x 80 x 16 ft., which was com- 
pleted in 1880 at Sault Ste. Marie. Mr. Monro 
says the great cost of the Welland Canal is chiefly 
due to its 25 locks of only 18 ft. average lift; 
with 13 locks of 25 ft. lift each, a more direct line 
could have been selected and the first cost and 
subsequent maintenance would have been corre- 
spondingly decreased. The use of concrete in 
place of cut-stone in the fewer locks of higher 
lift would doubtless have enabled its builders to 
have constructed a canal of much larger dimen- 
sions for the $23,764,070 spent on this canal to 
June 30, 1895. On the St. Lawrence canals the 
Same lock dimensions of 270 x 45 x 14 ft. are being 
adhered to; and to June 30, 1895, $23,109,208 haa 
‘een expended upon these lower canals. ‘The 
nstruction of the Canadian Sault Ste. Marie 
ock was, fortunately, not commenced until 
iSSS-9, and the progress of events prevented the 
adoption of the smaller dimensions for this lock. 








these new freight steamers, on 14%-ft. draft, 
1,241,459 tons on June 30, 1895. In the lake 
shipyards, this winter, 65 vessels of all kinds will 
will carry an aggregate of 136,000 tons gross. 
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other consequence, grain is being carried S70 
miles, from Chicago to Buffalo, at about half the 
rates of 1SS6. In the latter year the average cost 
was 3.6 cts. per bushel between these points; in 
1894 it was 1.2 cts., and in 1895 it was 1.9 cts., 
and grain was carried in July, 189, for 1 ct. per 
bushel. It is also important to note in this con 
nection that work is in progress for securing a 
20-ft. channel throughout the lakes, and this 
will surely further reduce rates 

Mr. Monro then discusses the grain business be- 
tween Buffalo and New York, and says that the 
Erie Canal carried only 14,612,700 bushels in 
18M}, as compared with 42,608,700 bushels in 
INt4. The canal rates between Buffalo and New 
York varied from 3 cts. to 1% cts. with an aver 
age of 2% cts. But in face of these prices the 
railways carried twice as much grain last year 
as in 1894. The expenditure of the $9,000,000 
canal fund, however, securing a 9-ft. depth, with 
electric motors and other proposed improvements, 
may, says Mr. Monro, again enable this canal to 
hold its own in competition with other routes 
He places the probable average of lake rates on 
wheat, in the near future, at 144 cts.; the 
reduced Buffalo charges at % ct., the im- 
proved Erie canal rate at 2 cts., and thus figures 
that 4 cts.. as a maximum, will soon carry 60 Ibs 
of grain from Chicago to New York, a distance 
of 1,368 miles, and pay a fair profit at that. This 
competitive rate must be faced by Canada. 

Mr. Monro says that one reason why ‘‘Western 
trade” does not follow the St. Lawrence is be 
cause this river does not lead to the chief market 
The grain from the lake region is largely con- 
sumed in the Eastern United States, as is shown 
by the fact that out of 123,184,490 bushels re- 
ceived at New York in 184, only about 62,000 
000 bushels were exported; and it is only with 
this latter half that the St. Lawrence can com- 
pete. It was also assumed for years that if grain 
once found its way to Lake Ontario it must inevi- 
tably go to Montreal for distribution or export; 
but the fact is that over half the tonnage passing 
east through the Welland Canal goes to United 
States ports. It is a significant fact that the sea- 
going tonnage of Montreal has remained at about 


the same figure for several years, while the trade - 


of Buffalo has doubled since 1886, and in 1895 was 
9,612,423 tons against 1,069,386 tons for Montreal. 
Even with similar freight rates, says Mr. Monro, 
the trade will go via Buffalo to New York; be- 
cause New York is the commercial metropolis of 
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FIG. 2.—-ELEVATION OF FOLDING GATE AT DRAWBRIDGE. 


With the average number of trips allowed them 
this addition to the fleet will carry about 2,500,000 
tons of iron ore, or other heavy freight. As an- 


North America; the great money center. Mon- 
treal, too, is cut off from the sea by ice-bound 
channels for nearly half the year, while the At- 
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lantic ports of the United States are open all the 
year. 

In connection with the Canadian canals, upon 
which $53,500,000 has already been expended, Mr. 
Monro says that as soon as a vessel of 2,000 tons 
can pass from Lake Superior to Montreal without 
breaking bulk, the present grain rate may be cut 
in two by using a cheaply built class of steam 
propellors towing a consort, each vessel to be the 
full size of the locks, and Montreal may then 
stand a chance of getting a fair share of the 
transatlantic trade. This requires the immediate 
completion of the Canadian canal system and the 
adaptation of the port of Montreal for the rapid 
transfer of,cargoes to ocean steamers. Mr. Monro 
then makes a few practical observations on the 
leading principles which he believes should gov- 
ern the location and construction of canals de- 
signed for the passage of large vessels. 

In such canals a straight course warrants a 
large expenditure, as 3,500-ton vessels moving at 4 
miles per hour have to be guided with the utmost 
eare to prevent accident. When change of direc- 
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have been enormous. The guard-lock at the head 
of the Cornwall Canal, at the time of the break of 
Oct. 11, 1888, converted what might have been a 
total stoppage of navigation for the season into 
an interruption of traffic, serious but compara- 
tively short. Guard-gates are not sufficient for 
this purpose, for, if open, they would be useless, 
and if shut, as they should be, they could not be 
opened until the head against them had subsided. 





oe 
GATE FOR THE WALLABOUT DRAWBRIDGE, BROOK- 
LYN, N. Y. 


The advisability of protecting the ends of a 
roadway at a drawbridge when the bridge is 
swung open for navigation has been shown by 
numerous accidents, of which the one at Cleve- 
land on Noy. 16, 1895, was the most notable. We 
illustrate this week the gates now in use at each 
end of the drawbridge carrying Washington Ave. 
over the Wallabout Canal, in Brooklyn, N. Y. 
In’ November, 1894, the city advertised in our 
columns for competitive plans and bids for such 





Sectional Elevation. be 
FIG. 3.—DETAILS OF FOLDING GATE AT DRAWBRIDGE. 


tion is necessary, curves of large radius should be 
employed. The dimensions of the canal prism 
should be uniformly preserved throughout, as far 
as possible, and mid-canal bridge piers are to be 
especially avoided. Concrete, instead of stone, 
can be efficiently and profitably used in lockwalls, 
weirs, retaining walls, etc., as the cost will be one- 
half to two-thirds that of dressed stone. And this 
eoncrete could also be substituted for compara- 
tively short-lived and costly timberwork in the 
superstructure of entrance piers, dock-walls, etc. 
The increase of lift at locks is also important. On 
the Beauharnois Canal Mr. Monro has decreased 
the nine locks proposed for a rise of 70 ft. to three 
locks of 23% ft. each, with a considerable saving 
in first cost and future maintenance. The filling 
of the locks from the sides and the application of 
electrical power to the opening of the lock gates 
and drawbridges were commended. On the Sou- 
langes Canal, the fall in the summit level would 
provide 750 E. HP., ahd plans are being perfected 
to open and shut the gates, fill and empty the 
sluices, etc., by operating a single switchboard. 
Mr. Monro says that in canal location the depth 
of water on the miter-sill should be referred to 
the lowest known stage of a river or lake, and not 
to any defective statistics. The late unprece- 
dented low water in Lake Ontario and the St. 
Lawrence River forcibly emphasizes this caution. 
Guard-locks, at or near the upper entrance of 
canals are necessary where the lake or river is 
subject to storms or unusual variations of level 
due to heavy rainfalls. In 1886 and 1889, west- 
erly gales on Lake Erie caused the water to rise 
4 ft. at Port Colborne, on the Welland Canal, 7 
ft. in the aqueduct, and about 9 ft. at the guard 
gates at Thorold. Had a break occurred at this 
point the damage to the country below would 


gates for this bridge, the gates to be operated by 
hand or by power, according to the judgment of 
the respective bidders. Washington Ave. is a 
very busy street, demanding the presence of an 
officer at each side of the canal when the bridge 
is to be opened, so that apparently little or no 
advantage would be offered by gates operated by 
the power that moved the drawbridge, and all 
the gates offered were designed to be operated 
by the bridgetenders. The truck traffic on the 
avenue, which at this point passes through Wal- 
labout Market, is very heavy, and last year the 
bridge was opened about 4,500 times to accommo- 
date traffic on the canal. 

The drawbridge is constructed with a central 
girder between the street car tracks, dividing the 
up and down traffic; at the same time the ap- 


awarded to him, with the stipulation ¢: 
gates should be kept in repair for a yea ' 
out expense to the city. The gates ar. 

20 ft. from the edge of the canal, meas 

the center line of the street. 

Each gate consists of a central frame, 
2 ins. long and 8 ft. high, built up m. 
angle irons and mounted at the center on 
right post of 6-in. gas pipe set firmly 
street. At each end of the main frame is 
a wing 10 ft. 4 ins. long by 8 ft. high, also ; 
of angle irons, but made as light as possib) 
gate, therefore, when extended, measures 
10 ins. from end to end. Each end wing 
nected by bevel gears and a shaft runnin; 
the bottom of the main frame to a pinion ‘ 
ing around a bevel gear fixed to the groun rt 
ratio between the ground gear and the 
fixed to the outer wings is 2 to 1, so tha 
the main frame is revolved 90°, or from it 
tion between the car tracks to a position 
them, the outer wings are each revol\ 
the motion of the central frame throw 
are of 180°, or from their folded positio: 
allel to the main frame between the car c} 
to an extended continuance of it across the 

A bolt, A, Figs. 2 and 3, is provided, 
drops into a socket set in the pavement, an 
holds the main frame in position, either ): 
with the tracks or across them. When th. «ate 
is folded up, the outer wings are held ci. 
by the gearing, but when the gate is open: out 
across the street, the outer ends of the 
enter between two posts and set close to the <ide- 
walk railing, so that any strain brought 0: the 
gate by the pressure of an impatient crow) «: 
unruly truck is borne by the central post th. 
bolt and the sidewalk posts holding the e1.\s 
the wings, and no strain comes on the geari: 

The extreme point of each outer wing moive 
in and out in practically a straight line, as wi! 
be seen from Figs. 1 and 2, and as the central 
frame is set so as to swing away from the aid- 
vancing traffic, no backing up of trucks is nec- 
essary to make room to fold the gates. The 
bolt is arranged so that it can be locked down, 
holding the gate open or shut. The socket for 
the bolt A is made of an inverted cast-iron box, 
B, with a hole for the bolt in the bottom, the box 
resting in an outer cast-iron box, set right, ©, in 
the pavement. The inner box can be lifted out 
when the bolt is not in it, and any dirt readily 
removed. 

The weight of the whole gate is carried on a 
nest of 1-in. steel balls rolling between hardened 
steel plates, resting on Portland cement concrete, 
which fills up the hollow central post. Vertical 
adjustment is secured by a 2-in. square-threaded 
screw bearing on the upper ball plate, and di- 
agonals with a sleeve-nut adjustment are pro- 
vided in the main frame and wings to prevent any 
sag in the gate. The central fixed gear and 
pinion are protected from the street dirt by a 
light sheet-iron box, with hand doors for greasing 
the gears. A wire netting reaching to the ground 
is fastened over the frame for additional secu- 
rity. 

The gates are easily and quickly operated by 
the bridgetenders seizing the main frame at the 





FIG. 4.—GENERAL PLAN 


proaches have narrow sidewalks and no excess 
of width in the roadway, so that a gate which 
would fold up in line with the central girder 
and offer no extra obstruction to traffic was a 
desideratum, and mainly for this reason the gate 
shown in Fig. 1 was recommended by Mr. E. 
Sherman White, Engineer of Construction and 
Repair. This design was submitted by Mr. Au- 
gustus Smith, C. E., of 39 Cortlandt St, New 
York city, and the contract for construction was 


SHOWING POSITION OF GATES. 


bolt, and have received the sanction of the «ty 
authorities. They were turned over ready -' 
use in May, 1895, and up to the present time »° 
requisition for repairs has been found necess: 
One has been tested by a runaway horse das! 
against it, with the result that the horse = 
killed and the gate uninjured. As it is bette 
such cases to have the horse kélled than per © 
in a carriage carried into the water the re" 
may be considered as satisfactory. 
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- REPORT OF THE NICARAGUA CANAL BOARD. 


(Continued from page 200.) 
’ over the surface without danger of injury, all 
embankments to be 112 ft. above sea level. A‘! 
bankments will be in fact so many waste weirs 
discharge of the surplus water at several points 
basin, with an aggregate length of 4,720 ft. of 
and assuming that the embankments are per- 
ght, which will not be the case until several 
ter construction, and therefore that all the sur- 
ter passes over the weirs, the maximum thick- 

the crest will not exceed 15 ins.” 
oot clear for what amount of drainage or for what 
ese weir arrangements were intended to provide, 
streams in question have never been gaged in 


a or their water sheds measured. 
; opes of the rock-fill dams were to be 3 : 1 on the 
¥ ide and 2%: 10on the dry side. It is evident that 


t intenance of these rock-fill dams, sustaining a 
: 60 or more feet and with a current pouring over 
sts and down the rear slope, séemed doubtful, and 
npany later changed its plans By dispensing with 
‘1 and using clay exclusively. Furthermore, the 
of all the dams was raised to elevation 114, 8 ft. 
the canal surface. In such case the embankments 
longer to act as weirs, and the drainage is now 
for by three concrete masonry sluices, each 

two openings 20 by 25 ft., placed at suitable 
in hills adjacent to the main valleys of the San 
sco, Chanchos and Danta, and built at so low 
| as will provide for the diversion of these streams 
the dams are under construction. Iu addition to 

juices are three weirs at different points; one of 250 
e of 200 ft., and one of 150 ft., with their crests at 

tion 1064, or 2 ft. below the canal surface eleva- 

106. 

rhe canal company has thus avoided two construction 
difficulties by ones with rock fill and the use of 
the dams as weirs, but has apparently repeated the error 
made in connection with the Ochoa Dam and the San 
Carlos weirs, of supposing that with an invariable width 
and depth of weir a uniform elevation of water surface 
can be maintained, with a variable affiux. 

it is evident that with a fixed weir capacity, adapted 
to perhaps an assumed mean discharge, the water surtace 
elevation must run down when the discharge or afflux 
becomes @ mipimum, and, on the other hand, must rise 
as the afflua exceeds the supposed mean. It is also evi- 
dent that, in order to meet these varying conditions of 
affux and still maintain a uniform surface elevation, 
either the sluices must be manenvered to regulate the 
discharge, or the weirs must be equipped with flash 
boards or movable dams that can be adjusted to meet 
the same purpose. 

As elsewhere stated, the Board deems a surface eleva- 
tion of 110 ft. needful, instead of 106, as the company 
proposes. This will call for the raising and enlarging 
of all the embankments, for which the necessary addi- 
tions have been made in the Board's estimate. Using the 
same free board as that of the company, 8 ft., the ele- 
vation of embankment crest will be 118, and the height 
of crest above the average valley floor, assumed at eleva- 
tion 46, will be 72 ft. The lowest valley floor is that of 
the Danta at elevation 40, where the mud is 30 ft. deep, 
making the height of the dam 108 ft. 

The construction of these vast accumulations of clay, 
under the heavy rainfall, and their effective consolida- 
tion into impermeable and stable structures will call for 
the exercise of the utmost care and skill. The use of 
animals or vehicles of any kind on the fill will in all 
likelihood be impracticable and the deposit of the mate- 
rial and its consolidation in layers will probably involve 
the use of cables for delivering the clay in skips and 
hauling the rollers from side to side. As the San Fran- 
cisco embankment alone has a total length of nearly 14 
miles, the problem of its construction constitutes by 
itself a sufficiently fermidable task. 

The clay to be obtained from the west side of the 
divide cut and from excavations in the San Francisco 
basin is not sufficient for the construction of these em- 
bankments, which aggregate over 7,000,000 cu. yds., and 
a large quantity, computed at about 2,500,000 cu. yds., 
must either be borrowed from hills in the vicinity of the 
work or hauled from beyond the summit of the east 
divide. For the protection of these high banks after con- 
struction the surplus rock from the divide cut may be 
used to cover the slopes. 

The excavations of the deep mud bottoms referred to 
is also a difficulty. Their widths are not known and they 
probably follow the line of the valleys above and below 
the embankment line for long distances. In order to 
excavate a foundation for a dam the inflow of soft mud 
from the two ends must be cut off, and probably tlhe con- 
struction of crib piers filled with stone and sunk in 
the mud parallel with and at suitable distances from the 
upper and lower foot slopes of the dam, will be the cheap- 
est and most effective meahs of doing this. The cost of 
auxiliary work of this kind is included in the unit price 
petal cu. yd.) adopted by the Board for the mud 
excavation. 

It is proper to note the multiplied points at which the 
canal would be exposed to injury after construction, 
and the comparative facility with which a breach could 
be made at any point on the long line of embankments, 
if, for any reason, military or malicious, it should be 
intended to destroy the canal navigation until the 
breach could be closed. 


LAKE AND RIVER DIVISION FROM OCHOA TO WEST 
SIDE OF LAKE NICARAGUA. 


The Ochoa Dam and the San Carlos Ridge. 


The dam across the San Juan River at Ochoa, about 
‘9 miles from the lake, is the main prop of the com- 
pany’s project, and, like the pier of a cantilever bridge, 
ipholds the burden of the great constructions that stretch 


in both directions to contitute the ener rer. The 
bold project of extending the summit level of the canal 
divide within sight of the Caribbean, 
suecessful and maintenance of 

che dam is : First, to in the flow of 


‘he San Juan below its junction with the 
ubmerge the valleys of both rivers, converting them into 


so Pers ose 


a 


arms of the lake. The effect of this would be to add 
some 2,300 miles to the lake watershed. Second, 
a ee a ee at 
elow its *S oen ‘ie. tik i, aloe 
a to prolong summit level east- 
ward from tho Son Francine asians 
d the east we te bon & Deseado Val- 
17 miles from Greptowas to act as a weir 


for a discharge over its crest of the surplus waters of 
the lake and San Juan watersheds. 

The San Carlos is the principal affluent of the San 
Juan and drains an area of some 1,250 sq. miles, which 
reaches back to the lofty summits of the Costa Rican 
ranges, and is subject to a heavy and variable rainfall. 
The river, therefore, has a quick watershed, and is 
liable to heavy floods. It discharge» mto the San Juan 
about 65% miles from the lake and 3% miles above the 
proposed site of the Ochoa Dam. 

The ridge that bounds the San Carlos Valley on the 
east side is too low at numerous points within ten or 
twelve miles from the San Juan to sustain the high- 
water level, and 21 embankments a.:e needed to close the 
gaps and raise the crest to the requisite height. At 
suitable points in this ridge the company proposes to 
build three weirs, with an aggregate length of 1,200 
ft., to aid in discharging the surplus volume of the two 
streams, and has recently added two sluices 20 ft. wide 
and 25 ft. high for the same purpuse. rhe San Carlos 
Ridge is therefore a necessary adjunct, and practically 
a continuation of the main work. 

Since the Ochoa Dam is to sustain the volume of a 
reservoir nearly 3,000 sq. miles in area and control the 
entire summit level, it will determine the elevations, 
magnitude, and cost of all the constructions through 
both the east and west divides, the great embankments 
in the San Francisco basins, and the extensive rock and 
other dredging in the San Juan and lake channels, rep- 
resenting about one-half of the total cost of the project. 

The determination of its height and other dimensions, 
and the selection of the materials and methods 
of its construction are therefore matters of vital im- 
portance; a reduction of even a foot or two would im- 
pair navigation, and any considerable excess would 
endanger some of the works, while the failure of the 
dam would leave the navigation stranded, wreck the 
valley below, and possibly wash Greytown into the 
sea. A work of this kind, designed to control a large 
river, and upon which interests of such magnitude de- 
pend, can not be too thoroughly considered or too se- 
curely built. The engineer should «now the conditions 
under which he is to work, the forces with which he 
has to contend, and the probable magnitude of their 
opposing action, if he is to plan his work wisely and 
insure its safety. It is important to know: First, what 
is the nature of the river bed and banks upon and be- 
tween which the dam is to be built. Second, what are 
the physics of the stream itself; its range between low 
and high water stages; its varying slopes, velocity, and 
volume; the magnitude, duration and frequency of its 
floods. Unfortunately, information of this kind is seri- 
ously deficient. 

The company’s surveys are mainly devoted to tope- 
graphy, and did not include the collection of hydraulic 
data. No survey was made of the river, and but one 
gaging, and that of no present value, as the stage of 
river when it was made is not known. For information 
of this kind, recourse must be had to the imperfect data 
given in the Childs and Lull reports of 1852 and 18753, 
respectively, and obtained during the recent inspection 
uf the river by the Board. The company has no de- 
tailed plans or specifications for the dam, but the 
following from a paper prepared by the chief en- 
gineer of the company for the Water Commerce Congress 
at Chicago in 1893, pages 28 et seq., gives a description: 

“The Ochoa and Tola dams are the keys controlling 
this great problem at the east and west ends of the 
summit level, and should not be passed without special 
notice, particularly so the former, in which a novel 
method of construction is contemplated. This work has 
been for years the subject of long study and careful con- 
sideration. The diversion of the River San Juan is well- 
nigh impossible, and construction by the usual methods, 
with either cut stone or concrete, of so important a 
work in opposition to the mighty power of the stream 
is a problem involving the most serious difficulties. It 
was at first propos to build a stone dam upon a 
series of arches supported by piers starting from the 
foundation, through which the river waters could flow 
freely during the construction of the main part of the 
structure, these openings to be closed by gates in the 
upper side when the upper part of the dam, its approaches 
and aprons, were completed; and then to be filled with 
masonry from the lower side, while the water was 
rising in the basin. This was, perhaps, as a practical 
solution, probably the best under the circumstances, 
for that style of dam; but its execution would be tedious, 
difficult, and expensive, and there was to be always 
present an element of doubt not easy to eliminate as to 
the final success. The building of the foundations and 
pilasters for the support of the arches in constant con- 
tention with the whole river would be a most difficult 
undertaking, in which the items of time and cost would 
remain unknown quantities to its completion. Another 
idea has since been 5 ested, which seems to embody 
simplicity, economy safety. It consists in dumping 
from an aerial suspension conveyer large and small 
material properly assorted, across the river from bank 
to bank until a barrier is created sufficiently high and 
strong to arrest the flow and hold the waters at the 
required level, the body of the dam to be made up of 
large blocks of stone, weighing from 1 to 10 tons, and 
smaller material to fill the voids. Its base will be quite 
broad as compared with the height, probably from 400 
to 500 ft. between the foot of the upstream slope and the 
end of the apron. The top is estimated 30 ft. wide, 
the rock upstream slope 1 to 1, and the apron, or down- 
stream slope, 4 to 1, with the lower portion flattening 
down to 5 or 6 to 1. On the upstream side small ma- 
terial, such as stone, fragments of gravel, clay, etc.. 
selected as circumstances may require, will be deposited 
as the work advances, in sufficient quantity, as tight as 
wanted. It is not expected or even desirable to have a 
water-tight structure, the object sought being simply 
to oppose such an obstruction to the river as may he 


needed for working the canal. Consequently, nine-tenths 
of it can be wasted with advantage. That the dam will 
eventually become tight there can be no doubt, as the 
small drifts and forced in by the current will 


at the bottom becomes so great as to check scouring due 
to maximum pressure, when the dam will be carried up 
to the desired level. The river, in the meantime running 
over the mound, will readjust the materia! in and adapt 
the apron to the necessary conditions of stability to with- 
stand the effect of the fall, and carry off the water safely. 
If the dam is then raised so as to shut off a whole or the 
largest part of the river flow, which can by that time 
be discharged over the waste weirs, the structure will 
be permanent. If the river is not able to prevent the 
completion of this work, having, on the contrary, greatly 
contributed to its construction by a better distribution 
and consolidation of the material, now that the waters 
are diverted to another outlet, no fear need be enter- 
tained as to injury from that source. There may be some 


settlement and final readjustment of the component 
parts for some time after completion, but that can be 
easily remedied by depositing more material where 


needed. It is believed that this dam will be safer, as 
it is by far more economical, than a stone dam. An 
earthquake might cause serious damage to a masonry 
dam, but it can do no harm to this. On the contrary it 
may add to its consolidation by bringing the parts in 
closer contact. There are no cemented joints to be opene}, 
and a seismic disturbance would have a tendency to 
compact rather than to disintegrate the large mass. The 
rock for the dam will be brought by rail from the 
divide, and delivered immediately under the wire cable:, 
each one of which will be capable of handling and de- 
positing about 1,000 tons in ten hours. Consequently 
the work can be completed in from four to five years, 
and, if it need be, in less time."’ 

On page 27 of the same paper it is stated that— 

“At the site of the Ochoa Dam, gravel, clay, and rock, 
in the order named are shown by the borings.’’ 

On pages 20 and 21 it is stated that the weir on the crest 
of the dam is to have a length of 1,250 ft., with its sill 
at elevation 105, 1 ft. below the water surface, while 
the San Carlos Ridge weirs, with a length of 1,200 ft., 
have their sills at elevation 105.5, 2% ft. below water 
surface. The company assumes, therefore, that there 
will be at all times streams of at least these depths 
flowing over the weirs, and computes the corresponding 
discharge at 14,200 cu. ft. per second, with the water 
surface at normal level, viz., elevation 106. The cubic 
contents of the dam, as above described, is given in the 
company’s estimates of 1890 as 880,000 cu. yds.; but this 
has recently been increased 50%. and appears in the 
estimates of August, 1895, as 1,200,000 cu. yds. 

It is not known upon what basis the company assumes 
that the slope of the river from the lake to the dam 
will be 4 ft. when the water surface at the dam is at an 
elevation of 106 ft. So far as the Board can determine, 
the slope at low stage of river and leke will be ©: in 
other words, that, to prevent the lake from falling below 
summit level elevation 110, during the drv season, the 
water surface at Ochoa must be held at the same or a 
greater elevation, the height of the dam be correspond- 
ingly increased, and all sources of waste be stopped. 
Furthermore, the company assumes (p. 19, Chicag» 
paper) a possible maximum discharge from the watershed 
with both rivers in full flood, of 68,000 cu ft. per sec- 
ond. No gagings have ever been made at high stages. 
and reliable data are lacking: but from such sources of 
information as were accessible to and from observations 
made by the Board, and by various methods of compu- 
tation, it is clear that high floods, discharging as much 
as 125,000, and possibly 150.000, cu. ft. per second. are 
to be expected at intervals of a few years, and that the 
dam is likely to be subjected to such floods during con- 
struction and subsequently. 

The problem at Ochoa, therefore, is to build a dam in 
opposition to the tremendous and unknown forces of 
the river floods, while the imperative requirements of th» 
eompleted structure are that it shall be permanent 
beyond peradventure and practically impermeable. In a 
structure so important as this, where failure would mean 
destruction to property and population from the dam 
to the sea, and suspension for several years of naviga- 
tion through the canal, only the most secure and stable 
structure should be considered. It is not a place to prac- 
tice small economies. 

The conditions would be fully met by a masonry dam 
on a solid rock foundation. if suvh could be found. No 
such site is at present known nearer than Machuca 
Rapids. 17 miles above, and no search has been made for 
any. The company’s Iocation was fixed with reference 
to topographical considerations, and the geological inves- 
tigation was both scanty and unsatisfactory. In Jan- 
uary and February, 1888, borings were made in the bed 
and banks of the river to ascertain the nature and dis- 
position of the subjacent materials. The party was pro- 
vided merely with earth augers for boring into clay. 
and with pipes and sand pumps for exploring the sandy 
bed, but had no drills for penetrating and testing rock, 
in order, if found, to ascertain its character and quantity. 

The borings show that the hills forming the river banks 
are of clay which is fairly compact. One of these bor- 
ings, however, shows a considerable depth of sand and 
gravel underlying clay at a distance of 160 ft. from the 
bank of the river, and points out a possible source of 
danger to the abutments. Five borings only were taken 
in midstream. In four of these nothing but sand is re- 
ported to a depth of 24 ft. It is explained that these bor- 
ings were not carried to greater depths, because the pipes 
became clogged with gravel. which could not be removed 
with sand pumps, and for the removal of which no other 
provision has been made. ‘‘Rock’’ is reported in severa! 
borings at depths differing greatly even within short 
distances, and it is doubtful if rock was found in a 
single instance, when it is taken into account that the 
only tool for determining the character of the material 
was a common auger. The boring taken nea: the water's 
edge on the north bank of the river, reached a depth of 
nearly 14 ft. below the deepest boring in the river bed. 
This renders it very probable that at least that depth of 
sand or gravel overhes any harder material, if any, in 
the center of the stream. and this probability is strength- 
ened by the fact that in the San Juan above the San 
Carlos the depth of water is as great in some places as 
50 or 60 ft., reaching much below sea level. 

Nevertheless, an exhaustive search should be made 
for a suitable site for a masonry dam before accepting 
one of inferior character. If the route adopted by the 
company from Ochoa to the sea, through the San Fran- 
cisco basins to the valley of the Deseado. with some of 
the undeniable advantages that it would possess is to 
be retained, the limits for a possible location of the 
Ochoa Dam are quite narrow. Above the mouth of the 
San Carlos the deep channel would make it difficult to 
build masonry foundations, and the canal extension to 
reach it would be costly. Below Ochoa reconnoissances 
in the vicinity of the mouth of the Serapiqni and for a 
few miles above that point have made it almost certain 
that no site for a high dam exists in that vicinity. The 
examination would therefore be confined to a stretch 
of river not more than ten or twelve miles 
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above Ochoa, and not more than eight or ten below it. 
The Board, however, while insisting upon the necessity 
for this investigation, cannot prejudge its outcome, and 
must, in acordance with its instructions, report upon the 
plan proposed by the company. 

The Board has given careful and laborious considera- 
tion to the problem of this dam ag the most difficult 
and important individual work in the project, and has 
sought every meuns available to investigate the chances 
of its successful construction. The dam, if finished, 
could not be everturned or pushed from its base; but 
questions arise as tu the strength of its foundations, as 
to its resistance to floods during construction, as to 
making it tight enough to retain in the dry season a suffi- 
cient amount of water for canal uses, and as to the 
practicability of asing the compieted dam as a weir. It 
may be said at once, that the structure as proposed, of 
loose rubble, built in a sand foundation of unknown 
depth, in conflict with a powerful stream subject to 
floods. and to he used as a weir after completion for the 
discharge of the river, has no precedent in any engineer- 
ing construction. 

The idea of the ‘“‘rock fill’ was doubticss suggested by 
the works of that kind that have been built in the West, 
and it will be useful to give the particulars in reference 
to some of these, and, from their success or failure, and 
the precautions found necessary in building them or the 
defects which led to their destruction, to extract such 
lessons as may be applicable to the case in question. 
Dams of rock fill, with various modifications, have 
been in use for several years, and have found their prin- 
cipal development in the mining and arid regions of the 
United States. Several have been built by hydraulic 
mining companies in California. The California dams 
usually contain more or less crib work, which is ex- 
posed to decay, but the dams are intended to serve only 
a temporary purpose. The foundation is usually of 
rock. The slopes are 1:1 or steeper, the face being 
heavy rubble, of the largest stone obtainable from the 
quarry, and laid with derricks. The smaller stones and 
refuse are used for the interior filling, which is dumped 
in. The upstream face is provided with a watertight 
eovering of 3-in. plank, of one, two, and three thick- 
nesses from the top downward to the bottom, secured to 
the crib work or to timbers anchored into the body 
of the dam, carefully calked, and fitted at the lower 
edge to the foundation. Several of these structures will 


be described. 
The English Dam. 


The English Dam on the Yuba River, in California, was 
built in 1856-1858 as a crib dam. It was 110 ft. wide at 
the foundation, which was on hard trap or shale. The 
total height above the foundation was about 89 ft. at 
the center of the dam. Its width at the base was 100 ft. 
in 1876-77 it was decided to raise the crest of the dam. 
The timber in the outer face of the crib work was re- 
newed wherever decayed; a mass of rocks was deposited 
against the downstream slope, the face being heavy dry 
rubble, laid carefully, and the space between this and 
the crib filled with loose rock. The downstream face 
had a slope of nearly 1:1. The upper 7 ft. was made 
wholly of substantial timber work, connected with the 
watertight plank facing of the original crib work. The 
crest of the completed dam was 131 ft. above the deep- 
est part of the foundation. From 1858 te 1888 the water 
in the reservoir was raised every year to the high-water 
mark, which, in the new structure, was 14 ins. below 
the crest of the new timber work. No sign of weakness 
was ever observed. 

At 5:30 a. m. of June 18, 1883, a watchman, in mak- 
ing his usual rounds, heard two sharp explosions, and 
hastened to a point from which he had a view of the 
dam. The water was pouring through an opening in the 
upper timber work over the crest of the stonework; in 
a few moments the crest of the dam for a length of 
175 ft. was swept away, and an immense opening was 
cut in the foundation. In the space of one hour fully 
600,000,000 cu. ft. of water were discharged into the 
canyon below, at the rate of 166,000 cu. ft. per second 
The failure is supposed to have been due to the decay of 
the timber in the crib work,. causing a_ set- 
tlement In the rock fill and permitting a sheet of water 
of considerable depth to pass over it. 


The Bowman Dam. 


The Bowman Dam was built a short distance below 
the English Dam, in the same valley. When first built 
it was a crib dam, 72 ft. high, filled with rock. In 1875- 
1876 it was raised to its full height, 160 ft., by a rock 
fill against the downstream side of the crib and above 
its crest. The completed dam is 425 ft. long on the 
crest, with slopes of 1:1, or a little steeper, on both 
sides. {t was faced with heavy rubble, laid with derricks. 
On the downstream face the rubble was 15 ft. thick at 
the base and 6 to 8 ft. thick at the top. The upstream 
face was covered with plank sheathing, calked and made 
vatertight. The top of the dam was covered with cop- 
ing of plank anchored into the stonework. At the time 
of the failure of the English Dam the entire flood passed 
over the Bowman Dam without injuring it. 

Other dams of the same general character still doing 
service might be cited, but they differ in no important 
particular from the English and Bowman dams. The es- 
sential features were an impermeable foundation, and a 
erib core, with a watertight plank sheathing. In a few 
other localities dams have been built without the plank 
sheathing, and in some respects more nearly comparable 
with the dam proposed at Ochoa. 


Walnut Grove Dam, Arizona. 


This dam was built in 1888. It was 420 ft. long on the 
crest, 110 ft. in height, 138 ft. wide at the base, and 15 ft. 
wide at the top. Both sides were faced with dry rubble 
walls 20 ft. thick at the base and 5 ft. thick at the top. 
The upstream face was covered with a watertight plank 
sheathing. A mass of loose rock. having a slope of 1 : 1, 

was piled against the downstream side for half its 
height. The foundation was rock. During a great flood 
in February, 1890, the water poured over the crest to 
a depth of 3 ft. for six hours, when the dam gave way 
and was entirely destroyed. 


Castlewood Dam, Colorado. 


This is a loose rock dam,with masonry face, and is 586 ft. 
Icng on the crest, 684% ft. high, 85 ft. wide at the base 
and 8 ft. wide at the top. The underlying material is a 
compact bed of clay and hardpan, which was excavated 
15 ft. deep over the site of the dam. The upstream slope 
is 1:10, the downstream slope 1:1. Both face walls 
have a thickness of 5 ft., and are laid in cement mortar; 
the interior filling was laid dry, but each stone was care- 
fully placed. When first built, the crest for a distance 
of 100 ft. was left 4 ft. lower than the remainder of the 
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dam to form a waste weir, but this has been filled up, 
and a sluiceway excavated through a rock in a hill form- 
ing one of the abutments. The dam is still in good order. 


The Pecos Dam, New Mexico. 


This dam was built in 1890. It had a crest length of 
1,040 ft., with a height of 45 ft. above the lowest point 
in the foundation. It was built of loose rock, of gypsum 
and limestone, which was of poor quality, and broken 
into small pieces in excavating. The upstream slope 
appears to have been about %:1, and was faced with a 
hand-laid wall. The downstream slope was 1:1 without 
facing. An earth embankment was built against the up- 
stream side, with an upstream slope of 2:1. It was put 
in dry, and, when the first flood came against it, slid 
away, and the water poured through the rock fill with- 
out doing it any injury. After the flood subsided the em- 
bankment was rebuilt in a more thorough manner, with 
an upstream slope of 3:1. In 1893 there occurred a very 
high flood, and, the spillway being insufficient, the water 
poured over the top of the dam to a depth of 5 ins, which 
was sufficient to cause its speedy destruction. 


St. Christopher Dam, France. 


The following description of this very interesting ex- 
ample of a rock-fill dam is taken from the Engineering 
News of Jan. 8, 1887, which is credited by that paper to 
the Proceedings of the Institution of Civil Engineers: 

“This was originally a bank of rough stone 65 ft. high 
for carrying the canal (Marseilles Canal) across the \al- 
ley, and constructed with very little care, without any 
intention of using it as a reservoir dam. When it was 
determined to adapt it to this purpose the water-tight 
lining of the canal was removed and the turbid water 
allowed to sink into the dry stone work. This produced 
considerable settlement, but at the same time filled up 
the cavities with deposit. Water was then gradually let 
into the reservoir. At first large quantities made their 
way through the dam, but the amount of leakage dimin- 
ished by degrees and the inner face of the dam was then 
covered with good masonry, 10 ft. thick at the bottom 
and 1% ft. at the top. This was expected to render it 
water-tight, but did not have this effect, and upon read- 
mitting the water large fissures appeared on the face, 
particularly near the bottom. Several rows of piles were 
then driven near the foot and the cracks filled up, and 
the bank is now practically water-tight.”’ 


The Cascade Fill. 


The Cascade Fill on the line of the Erie Railroad, has 
been referred to in connection with the proposed Ochoa 
Dam, and illustrates so well some of the features of rock 
fills that a description is proper in this connection. 
The track of the Erie Railroad crosses the valley of Cas- 
cade Creek, 175 ft. above the bottom of the gorge. It 
was originally carried on a timber arch which was re- 
placed about 1860 by an embankment. In order to avoid 
the use of a culvert through the embankment the lower 
portion was made of clean riprap, which formed a drain 
for the creek. The upper portion was made of smaller 
stone, and with anticipation that the rainfall might not 
pass the largest floods a tunnel was driven around one 
end of the fill through the rock of the hill, as a dis- 
charge culvert. In 1875 the tunnel discharged a large 
amount of water for the first time. As late as 1888 
the rock fill continued to pass the ordinary drainage and 
even moderate floods, but since that time it has become 
ew water-tight and the discharge is through the 
tunnel. 


The Ochoa Dam and Other Rock-Fill Dams Com- 
pared. 


The rock-fill dams which have been cited differ 
from the proposed Ochoa Dam in many respects, and the 
limits within which they may be regarded as precedertits 
must be kept clearly in mind. In no case has the rock 
fill been relied upon to make a water-tight dam. A 
plank sheathing or a skin of masonry laid in cement, or 
a carefully built embankment has been adopted as an 
absolutely necessary feature. In the case of the Cas- 
eade Fill, the riprap was intended to act as a substitute 
for a culvert, and answered its purpose sufficiently for 
many years except for very heavy rains. In nearly all 
cases the foundation is rock, but there are two notable 
exceptions. The first is the Castlewood Dam, in Colorado, 
where the foundation is a compact bed of clay and hard- 
pan. The second is the St. Christopher, where much set- 
tlement and leakage resulted, which was finally stopped 
by sheet piling. 

The English, Walnut Grove, and Pecos dams failed im- 
mediately or within a few hours when the water passed 
over their crests, and they became weirs. The failure of 
the English Dam was caused, probably, by a settlement 
of the stone breaking the connection between the new 
timberwork on the summit of the dam and the older crib 
work below and permitting the new work to be swept 
away; but whatever the cause may have been, it is an 
important fact that as soon as a sheet of water 6 ft. or 
more in depth commenced to pass over the unprotected 
crest of the rock-fill dam its destruction followed in a 
few moments. The resistance of the Bowman Dam, over 
which the vast liberated flood passed so quickly, was 
probably due to the a ae of the crest by timber- 
work, which prevented the formation of a breach in the 
rock fill, and it may be presumed that the downstream 
face of the dam had been laid with care, but it must be 
remembered that the trial lasted only about an hour. 

There has beon much dispute as to the care with which 
the Walnut Grove Dam was built; the slopes were con- 
siderably steeper than 1:1, and although the walls on 
both sides were hand laid, the dam failed within six 
hours after having been overtopped with 3 ft. of water. 
The failure of the Pecos Dam is not so surprising, for 
the material of which it was composed appears to 
have been already so finely broken that it could offer 
little resistance to a strong current, and its speedy 
failure when overtopped was inevitable. No case is 
known of an existing rock-fill dam where its use as a 
weir is intended, and the failures above cited point ouc 
the danger, which there would be no justification for in- 
curring, for the completed structure at Ochoa, where the 
interests involved will be so vast. It is inevitable, how- 
ever, that during ihe construction of the Ochoa Dam 
the flood waters will pass over it, and the question of 
their probable effect is of great importance. The condi- 
tions at Ochoa will be in some respects more favorable, 
in some respects less favorable than in the cases above 
mentioned; the material to be used will be in e 
masses and the downstream slope will be flatter. On the 
ether hand, the annual floods of the San Juan will be 
discharged over the mound for several years during its 
constmiction. If a flood like that of 1888 occurs Juring 


Vol. XXXV. No. | 


—— Le 


this period, the depth of the sheet of water jas 
the dsm will be 10 ft. or more in thickness, a). 
ert an enormous force to displace the stones on 
of the downstream slope. a force which the 
the less able to resist because in the earlier < 
the work it will be impossible to arrange them 
regularity so as to form a dry wall or paved sur: 

The great weirs known as “anicuts” by) 
the wide, flat, sandy, river beds of | 
instructive in this connection. While 
weirs are only 10 to 20 ft. in height above 1} 
the river, immense floods pass over them, some: 
a depth of 20 ft. The weirs are built during th. 
of low water, when the flow of the river is «; 
can be diverted, and any repairs that may be ; 
can be made during the long dry season that | 
follows the brief rainy season. The river tx 
distance of 150 ft. or more below the weir is | ’ 
by a heavy layer of riprap, covered by a ; f 
large stones laid by hand as close as possibie, w 
longest dimension vertical. A system of con 
rubble walls whose foundations generally penet; 
eral feet into the river bed divides this protecti 
into areas of 20 to 30 ft. square, so as to con! 
limits of injury which any portion may recei, 
slope of the apron is never steeper than 10 h. 
to 1 vertical, and more than 20: 1. 

During the construction of the Ochoa Dam t! 
can not be diverted either wholly or in part u 
dam has been built to a considerable height at 
present river bed, and the top and downstrea: 
of the dam, corresponding at this stage with t! 
of a weir in India, cannot be protected by a r: 
laid surface. The stones, however, may be ver ; 
larger, and thus compensate somewhat for irre; ty 
of arrangement. feveral of the larger Indian w re. 
semble the Ochoa Dam in that they are built 1 
extending far beiuw tne toundations, but they ar: er 
of great height, and the penetration of the mas f 
the weir below the river bed is usually greate; an 
the elevation of the crest above the river bed. |: ld 
be impracticable to realize a like condition at (x 

It appears from this account of typical existin: ms 
that, although rock-fill dams are no. new, and ali)cough 
weirs have been built on sand and maintained s ss 
fully, the Ochoa Dam is actually without preceder: i; 


its more serious aspects, and its construction wil! b+ far 
more difficult than any that have been mentioned. The 
successful rock-fill dams have impervious foundations 
and are made watertight by sheathing or masonry Th. 
materials in them are in great part hand laid ling 


greatly to their stability, and none of them has bee: 
built in conflict with the forces of a great river or was 
intended to be used as a weir for the discharge of floods 
As to this last point the Board is clear in its judgment 
that no such endeavor should be made in the case of th« 
Ochoa Dam, as ‘nvolving an unwarrantable hazard to 
the safety of the structure and the canal navigation. 

It will be seen that the construction of a loose rubbic 
dam without masonry and lacking bond and coheren<« 
resting in a bed of sand of unknown depth, intended to 
endure the constant flow of water over its crest and 
down its rear slopes, and to resist «ne passage of floods 
of many feet depth, depending for its maintenance 
solely upon the stability that the individual stones ex 
posed to the impact and power of the stream may bh 
able to derive from their weight and contact with the 
adjacent pieces of rubble, has little resemblance to the 
low and carefully hand-packed anicuts built during the 
dry season, or to rock fills of the mining regions, built 
dry on rock, with crib work whose defect is its perisha 
bility, ané which are not intended to bear an overflow. 

In the case of the Ochoa Dam, while there are no 
precedents of similar design that can usefully be studied 


as a guide, there are many failures of dams of various 
types that may wisely be considered as warnings when 
the subtle and often incalculable power of a large body 


of water under high pressure and in full movement is in 
question. 


How the Ochoa Dam Should be Built if the Rock 
Fill is Adopted. 


Although evidently invested with special and unusual 
difficulties, it can not, therefore, be inferred that the con- 
struction of a dam at Ochoa is to be regarded as im- 
practicable or beyond the resources of modern engi- 
neering. Engineers are loath to admit that anything not 
forbidden by the known laws of nature is impossible, pro- 
vided the need of doing it and the means of paying for it 
are commensurate with the magnitude of the undertak- 
ing; but no one will deny that the formidable nature of 
the task and the seriousness of the interests depending 
upon its successful execution make greater the urgency 
that every detail and particular affecting the problem 
shall be closely stpdied and accurately determined, with- 
out doubt or uncertainty. as far as tue methods and ap- 
pliances of modern science shall avail to ascertain them, 
in order that the plans of construction may be intelli- 
gently formulated, the necessary appliances be consid: red 
to meet contingencies, the risk and difficulties of con- 
struction and maintenance be reduced to a minimum 
and a fairly adequate estimate be made of the cost of 
the completed work, and of the time required to build 
it. There are chances and hazards in all great under- 
takings, and the history. both technical and financial. 
of engineering constructions, especially those dealing with 
hydraulic problems, but emphasizes the necessity 0! 
thorough exploration, and full and precise ascertainment 
of essential facts before proceeding with the actual 
execution and expenditure for construction. 

The Board has endeavored, notwithstanding the lack 
of proper data, to formulate some views as to what misiit 
seem to be the safest method of constructing the dam, 
and as to the dimensions it should have. One » ew 
contemplates the building of the dam subject to tie 
floods of the river until it should be raised to such an 
altitude as to admit of completing the upper part rap- 
idly in one low-water season. The second considers ('\« 
advantage of constructing sluices in the San Carlos 
= of such dimensions as should give relief in pa" 
or altogether, with the idea, subsequent to the com- 
pletion of the dam, of continuing the sluices in serv'¢ 
as a means of regulating the water discharge, and ' 
maintenance within proper or possible limits of the ©!" 
mit level elevation. = 

In view of the probability that the work may bs 
subjected to a flood so great as 150,000 cu. ft. per seco”. 
the Board considers that this contingency should be 
regarded as a datum for safety in arranging the det 7 
of construction. Another datum regulates the height. 
The maintenance of the lake level at a minimum of '''' 
will eae involve the necessity of holding it at ti . 
at 112 or even more. The Oc’ must meet |’ 
contingency, and its crest elevatioy, ing for pos*'- 
ble subsidence and a proper free board, should be 1. 
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” es f a dam built as the company pro- 

" i ee be at the river bank, where the 
ost will meet the steep clay slope. The method 
_ "Srotecting this point by lines of sheet piling 
3 -. core seems entirely inadequate. A better 
oe would involve the use of a caisson on each 
on -iver, located so as to be partly in the river 
; : partly in the firm clay bank, and sunk by the 
29 nrocess to bed rock if within reach by that 
— not, at least below reach of scour. It seems 
~ either bed rock or a mass of bowlders 
sh ond near sea level, elevation 0. The caisson 
urmounted by a concrete wall, extending up 
b beyond the caisson to the highest elevation 
> ed by the water surfaca after the completion 


tot 

’ 14 or 116. A trench 20 ft. or so in 
a ae necessary to reach firm material, 
= excavated in the hillside for the core wall. 


( the river banks and hillsides below 
nigh weal should be covered with a heavy mass 
oy nes and an additional amount held in reserve 
ositing any rock in the river. The result of 
+ be to contract somewhat the width of the 
: nel, which would at once scour out so as to 
ph ‘. normal cross section. A considerable scour 
ae desirable, because it is important that the rock 
sunk deeply into the river bed, since, if rock or 
. * howlders or heavy gravel can be reached, the 
fet the structure will be increased greatly. In 
Pom - rock in the river those methods should be 
= } -h will induce scour, and possibly the building 
4 each side may best answér this purpose. 

o The position of the company to build the main por- 
tion the dam with stones of large size, with only 
ei +)» small pieces to fill voids, is sound, and precau- 
don: q uld be taken to have the surface of the mound 
covered with the heaviest rock obtainable prior to every 
flood sson. If the work is carried up over the whole 
width of the stream, a regular cross-section should be 
n = nrained, so that the force of the flood will not be con- 
on trated at any one point. The downstream slope 


should be made very flat—10 : 1 will be none too flat, and 
er . e trouble enough in maintaining it. As the work 
rises the danger of injury by floods will increase. Should 
sand under the mound scour out at any point a settle- 
ment would occur, a channel would be formed through 
the mound, and the destructive power of the current be 
greatly increased. If, however, the mound can be suc- 


cessfully raised to an elevation of TO ft. above sea 
level "a 85 ft. above the present bed of the river, it will 
be then possible to build the remainder of the dam to 
full height in a single low-water season, the reduced 
flow of the river spouting through the interstices of the 
dam. by using temporarily a steeper downstream slope of 
2 or 4:1. This done, and weirs provided elsewhere for 
discharging the river, the hazards of construction will 
be passed but until this stage is reached the work will be 
subject to danger from every flood and the contingent 
risks will be great. It is believed that by some such 
means as is outlined, subject to modifications as actual 
experience may prove necessary, a rock mound could 
be carried across the river. It should then be strength- 
ened by completing the full-rock section. 

The rock mound would be quite permeable, and the 
water pressure against it would vary with the volume of 
the discharge. To make it hold water, an embankment, 
which would form the real dam, the rock mound serv- 
ing as its support, must be built on the upstream side. 
It is proposed to make the embankment of fine stone, 
gravel, clay, etc., with the view that a quantity of these 
materials should be carried well into the rock mound. An 
embankment composed largely of clay dumped in the 
water would take a much flatter slope than 3:1. For 
these reasons the quantity estimated by the company 
would have to be increased largely, and means may 
have to be adopted, not contemplated by the company, to 
render the dam tight enough to answer its purpose, as 
the permissible leakage is much less than the company 
has assumed. By the addition of the embankment, and 
the retardation by friction of the flow of water through 
the underlying sand bed, the dam will be rendered more 
secure from undercutting and consequent settlement; but 
some doubt as to ultimate security will still remain. 
Confidence would be gained to a certain extent during 
the construction of the dam, if no breaches were caused 
by the annual floods, but it would require a considerable 
period of time after the completion of the dam to allay 
all apprehension. If a site can be found where the dam 
can be built above a rock or other stable foundation, 
the permanence of the structure will be rendered much 
more probable and the uncertainties of construction re- 
duced. If such a dam becomes breached with the great 
volume of water standing at a high level against it, de- 


struction would follow quickly. The crest, therefore,. 


should be raised so far above the surface of the water 
in the pool that a considerable settlement could be sus- 
tained without sinking the crest below the water surface. 


A study has been made to ascertain if, by the construc- 
tion of auxiliary sluices at convenient points in the San 
Carlos ridge, the river could be in part or wholly di- 
verted, so as to reduce the volume and velocity of flood 
discharge over the dam, diminish the possible risks dur- 
ing construction, and su uently aid in regulating the 
elevation of summit level. ‘ollowing a preliminary dis- 
cussion of this subject with the Board, the com y has 
added to its estimate the cost of two sluices with open- 
ings 20 ft. wide and 25 ft. high; but the sills are put 
at elevation 64, and the river surface would therefore 
have to rise about 16 or 18 ft. before the sluices could 
begin to discharge. Furthermore, the company largely 
underestimates the highest possible flood at 63,000 cu. 
ft. per second (see Chicago paper, p. 19), while the Board 
considers that a maximum of 150,000 is possible, and, for 
security, should be assumed. 

The construction of sluices or other means of diverting 
the entire possibie flow at the outset, prior \o nning 
work on the dam, would involve so serious a cost as to 
make it prohibitory; but if the sluices were so planned 
us to begin the relief of the dam at a point where the 
effect of flood disc would become dangerous, and 
‘Sereafter furnish an increasing measure of assistance, 

risks involved would be reduced and construction 

ac tated, After construction, the sluices could then be 
a _— if necessary, to discharge a full flood. 

or the purpose in question eight masonry sluices were 
oe ‘med, with openings 20 x 25 ft. and silis at elevation 
o*. The crowns would therefore be at elev. 
when the water surface, the 
re’ elevation 100, the sluices would be capable of 
» ) £\ns the full volume of 150,000 ft. per second 
head of water of 17 ft. over 

er surface of the river 
am in the earlier whuder of ‘sekebrntion maak ie 


be without relief, 
mound, the floods wad a ag ine’ Hive 






ade 
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and effect; but at elevation 58 the sluices would begin to 
co-operate. 

The discussion of the balancing action of the sluices 
‘under the varying conditions of flood discharge and sur- 
face elevation of river at the several stages is compli- 
cated and quite interesting, the more so as the sluices 
in the San Carlos Valley are six miles distant from the 
dam in the San Juan, measuring along the river chan- 
nels; but the subject is too technical for incorporation 
in this report. The period of greatest danger to the dam 
will be when its crest is built up to about elevation 65 to 
70—say, 17 to 22 ft. above low water—and at this stage 
subjected to a flood of 150,000 cu. ft. per second. 

The sluices would be about two-thirds full, and be 
discharging about 60,000 cu. ft. The flood pouring over 
the dam would be about 90,000 cu. ft., the depth over 
the crest of the dam would be over 9 ft., and the water 
would descend the rear slope in a solid mass 5% ft. 
deep, with a velocity of nearly 13 ft. per second, or 
nearly 9 miles per hour. Without the aid of the sluices 
the depth on the crest would be about 13 ft. and the ve- 
locity down the slope 25 ft. per second. These figures, 
though theoretical merely, may serve to give some 
idea of the magnitude of the destructive forces to which 
the rock-fill structure will be exposed and the hazards 
involved in the attempt to build it in such unprecedented 
conditions. 

The cost of the sluices would not be less than $1,500,000, 
allowing for necessary excavations and protection for 
site and approaches It may be observed that the con- 
struction of these sluices in a clay bank, to be operated 
under high head, will itself be no mean task, if due pre- 
cautions are to be taken to insure the efficiency and 
safety of the structure after completion. 

It may be proper to give the dimensions which the 
Board believes the Ochoa Dam would be likely to have, 
if successfully erected. The crest of the dam at ele- 
vation 120; its base in the sand at about elevation 15; 
total height, 105 ft. The rock-fill portion would be 20 
ft. wide on top; base, 950 ft. rear slope, from 10:1 at 
base to 4:1 at top; front slope, 1:1. The embank- 
ment against it on the upstream side would be 20 ft. 
wide on top (making 40 ft. total width of summit) and an 
upstream slope of 5:1 and base 340 ft. The volume of 
the rock fill would be 2,000,000 cu. yds. and of the em- 
bankment 600,000 cu. yds. Total volume, 2,600,000 cu. 
yds.; total base length, 1,290 ft. r 

One or more lines of sheet piling across the river under 
the embankment would tend to diminish the movement 
of water through the subjacent sand, augment the safety 
of the dam, and reduce leakage. The examination of the 
project for the dam shows for itself its unsatisfactory 
character. Should further exploration develop a more 
advantageous site with conditions positively ascertained, 
a safer construction could be designed The case is not 
one where unnecessary risks should be run, or plans 
based upon insufficient data be adopted. With the in- 
formation now available the Board can not undertake to 
commit itself to more than a tentative and approximate 
estimate of what the Ochoa Dam may cost, and the item 
of $4,000,000 entered in the schedule may be either in- 
creased or diminished as the conditions shall become 
better known. 


The San Carlos Ridge. 


As an adjunct to the Ochoa Dam and the most suitable 
location for such sluices, weirs, etc., as may be needed 
to discharge the surplus drainage after construction of 
the dam, it will be convenient to refer to the San Carlos 
embankment line in connection with the main work. 
The embankments proposed by the company for an 
assumed water-surface elevation of 106 are 23 in number, 
with an aggregate length of crest of about 1% miles; 
but for the greater elevation deemed necessary by the 
Board, viz., 110, the number will be increased to 25 and 
the aggregate length to 1% miles. There is nothing in 
the construction of these embankments that presents 
special difficulty. 

The length of weir, with movable dams, provisionally 
estimated by the Board as needful for the flood dis- 
charge, is about 4,000 ft., which, with a head of 4% ft., 
would discharge approximately 130,000 cu. ft. per second. 
If sluices are used in conjunction, the weir length may 
be reduced, or possibly omitted altogether. In any case, 
since upon these adjustable weirs or sluices, or both, 
will depend the water-surface summit elevation required, 
the details, when finally adjusted, must be of the most 
elaborate and efficient character, with ample mechanical 
appliances for speedy and safe adaptation to varying 
needs, including telegraphic communication up the valleys 
of the San Carlos and San Juan. 


THE SAN JUAN RIVER. 


The San Juan receives the surplus waters of lakes 
Managua and Nicaragua and of the territory draining into 
them, a total area that has been roughly estimated at 11,- 
400 sq. miles, to which is to be added the 4,000 sq. miles 
of the river valley proper. It is a large stream at the 
outset, having a flow at mean low stages at Fort San 
Carlos, where it leaves the lake, of 10,000 or 12,000 cu. 
ft. per second, with a width of 800 ft. and an average 
channel depth of 10 ft. The total length of the river 
from the lake to the Caribbean is 119 miles, in which 
distance it falls 102 ft. from mean low lake to mean sea 
level, with slopes ranging from less than an inch to 
over a foot per mile, not considering the several 
rapids, and an average slope of 10 ins. per mile. 

The navigation of the upper 50 miles is obstructed by 
four rapids, where rocky reefs cross the river valley, 
causing local steep descents of 6 or 7 ft. each, and sus- 
taining the intervening quiet stretches. These rapids, in 
their order, proceeding downstream, are at distances 
from the lake as follows: Toro, 27 miles; Castillo, 37 
miles; Balas, 44 miles, and Machuca, 48 miles. At low 
stages the river boats can not ascend these rapids, with 
the exception of Balas. 

From Machuca to where the San Carlos River—the most 
important affluent of the San Juan—joins the main stream, 
65% miles from the lake, is 17 miles of a deep, quiet 

known as the Agua Muerte. Three and one- 


and still more at Toro From Toro upward to the lake 
for nearly the entire distance of 27 miles the elevation 
of the river bed is such as to call for almost continuous 
excavation to secure the requisite width and depth of 
channel. 

The materials to be removed are supposed to be rock 
bowlders, gravel, clay, sand, and mud, in unknown 
proportions and practically unknown amounts. Che 
company proposes for its channel section through these 
obstructions a depth of 28 ft. and a bottom width of 125 
ft., with slopes in rock cutting of 1:1 and in dredgeable 
material of 3:1. If 28 ft. had been adopted as the stand 
ard depth, to which the several sections of the navigation 


should conform, there might be no compelling reasou 
for making the river channel of greater depth, but, in 
fact, the company's project calls for 30 ft. throughout 
except in the river and in the two sea-level canals that 
connect directly with the harbors. 

No reason is assigned by the company for making these 
exceptions, and the Board considers them inexpedient as 


reducing by 2 ft. the capacity of the entire system, and 
that the full depth of 30 ft. should be carried through 


from sea to sea, as in better conformity with the pres 
ent and prospective requirements of commerce and thre 
integrity of the undertaking. Especially is this the case 
where, as in the San Juan, much of the excavation is in 
rock and other hard material. The Board also considers that 
the proposed bottom width, 125 ft., for the river channel 
is insufficient. 

The navigation conditions will be quite different from 
those in a canal between visible banks where the course 
of vessels is straightly guided, and where in passing one 


or the other can tie up. The deepened river channel 
will be submerged; it will carry whatever may be at 
times the maximum current, and must follow the wind 
ings of the valley through curves of greater or less ra 
dius. Furthermore, during flood the surface currents 


may not run true with the channels but at some ang.e 
with it; the visible surface width will be that-of the 
fircded valley, and for close steering vesseis wust rely 


upon buoys and such other artificial aids to navigation as 
may be provided. In such circumstances a bottom 
width barely sufficient to enable two deep vessels to pass 
in a canal is quite inadequate in an open river, and for 
safety a single vessel even would need to proceed with 
great caution to avoid grounding. 

In this connection some analagous data may be of 
service. Cvuionel Childs in designing his canal for 17 ft. 
depth made the bottom width 50 ft., but in the river the 
bottom width of cuts through the bars was to be three 
times greater, viz., 150 ft. For a canal 30 ft. deep, with 
bottom width of 80 and 100 ft., the river channel, using 
the same proportion, would be from 240 to 300 ft. bot 
tom width. For the 2(-21-ft. channel in the Great 
Lakes, through the St. Marys, St. Clair, and Detroit 
rivers, and the connecting waterways, intended for the 
use of vessels of less draft than that of war ships ana 
ocean steamers, the minimum width of dredged water 
way is 300 ft., and in bends and in difficult places this ts 
enlarged to 400, 600, and 800 ft., those dimensions being 
determined by considerations of safety and reasonable 
speed. For continuing the lake navigation to tide water, 
a recently proposed slip canal, to have a depth of 26 ft., 
is designed with a bottom width of 300 ft. The Board 
therefore considers that the San Juan River channel 
section should be not less than 30) ft. deep and 250 ft. 
wide, broadening around bends to 300 and 400 ft., accord- 
ing to degree of curvature. There is no means of ascer- 
taining, with any approximation to accuracy, what may 
be the quantities and proportions of the materials to ve 
removed, whatever may be the cross section. 

It appears that the canal company has made no sur- 
veys or examinations of the 69 miles of river between 
Ochoa and the lake, with the exception of a partial! sur 
vey by compass, which was laid aside as valueless. The 
latest information, therefore, is that obtained by the Lull 
expedition in 1872, when a part gradienter and part 
spirit-level line was run and some soundings taken. The 
indications of the nature and distribution of the mate- 
rials composing the river bed, as furnished by the sound- 
ing lead and noted on the Lull map, constitute nearly all 
that is known in the matter. 

The company’s tabulated estimates contain items of 
398,613 cu. yds. of rock excavation, 422,540 cu. yds. of 
earth excavation above water (to straighten bends), and 
2,150,900 cu. yds. of dredging, as representing the quan- 
tities involved in the deepening of the San Juan, and, 
upon inquiry as to the basis of these amounts, the com- 
pany submitted a profile stated to have been derived from 
the Lull survey, showing the elevation and arrangement 
of the materials in the bed. Upon computation of the 
quantities indicated on the profile with the company’s 
cross section, 28 by 125 ft, the amounts came out as 
rock excavation 1,424,000 cu. yds., and dredging %,464,- 
000. No explanation of the discrepancy is given other 
than the supposition that some erroneous profile must 
have been used, of which there is no note among thecom- 
pany’s records. Using the same profile as a basis with 
the increased cross section considered desirable by the 
Board, viz., 30 by 250 ft., the computed amounts are, 
respectively, for rock, 3,754,000 cu. yds., and for dredg- 
ing, 8,526,000 cu. yds. 

These figures have, in fact, no valid basis, as the pro- 
file furnished by the company is little more than guess- 
work, and it is not believed that the total rock excava- 
tion indicated will be required; but they do show clearly 
how formidable may be the cost of a proper deepening 
of the San Juan, and how urgent is the necessity for a 
thorough and reliable ascertainment of the facts. the 
omission of the company to determine these seems inex- 
plicable, especially in view of the statement made on 

3 of the final report by the chief engineer, corrected 
to January, 1890, as follows: 

“Third. Local surveys have been made in the river 
San Juan at all places where the data on hand were 
deemed insufficient for a close estimate of the amount 
and cost of excavation needed, or to determine with rea- 
sonable precision the difficulties likely to be enrountered 
in the construction of dams, embankments, or other 
works entering as important factors in the general 
scheme.”’ 

In the absence of better data it still appears necessary 
to use the Lull profile as a basis for an estimate, with 
such modifications as may otherwise suggest themselves. 

Volonei Childs does not seem to have noted any rock 
in the river bed until near Toro Rapids, and the notes of 
the discarded compass survey made by the company give 
similar indications, so that the large rock excavation 
called for by the Lull profile may be much in excess. 

There is another point in this connection: The com- 
pany assumes that the slope of the river surface, after 
ng raised by the Ochoa Dam, will be % in. to the mile. 

same as is ascribed to two of the quietest sections 
low water, and, therefore, that the crest of the dam 
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at 106 will hold the lake up to 110, with 4 ft. of slope 
between the two. The Board has not been able to ob- 
tain any evidence of this assumed low-water slope, but 
this is not material, for the reason that, as elsewhere 
stated, the Board believes that for a _ reliable 
maintenance of the lake level at 110 the crest 
of the Ochoa Dam must be so raised as to 
secure the same or a greater elevation at that point 
also; in other words, that the water surface through 
the valley must be assumed as horizontal during the dry 
season. In such case, the slope disappearing with the 
raising of the Ochoa Dam, there would seem to be an 
opportunity for a considerable reduction in the depth of 
excavation needed at Castillo and from Toro upward, 
and a recomputation of quantities from this datum, with 
the additional assumption that from station 4,150 on 
the profile, above Toro to the lake, no rock excavation 
will really be called for, would furnish the following 
figures: Rock excavation, 1,722,000 cu. yds.; dredging, 
8,285,000 cu. yds. 

Unfortunately this reduction is not permissible, for 
the reason that, as shown in the discussion of ‘‘Mainte- 
nance of summit level,” in order to prevent the lake 
from ristng during the wet season to such a height as 
would involve heavy damages to improved property bor- 
dering on its shores, it will be necessary to draw down 
the summit level at Ochoa to such a point as to enable 
the river to discharge the threatening accumulations in 
the lake, and, therefore, the 4-ft. slope, assumed incor- 
rectly by the company as practicable at low stages, may 
be imperative during high stages or, assuming the lake 
capable of control, during the season of heavy rainfall. 
The total quantities given by Table 4 must therefore be 
used until better information is available as a means 
of entering the amounts in the estimates. 

There are several bendsin the river of such radii as prob- 
ably to necessitate considerable straightening by cutting 
off projecting points. or the employment of special means 
for enabling large vessels to navigate them. There is no 
means of computing the amount of excavation required. 
The company’s estimates contain an item of 422,540 cu. 
yds. for this purpose, but the basis for this can not be 
ascertained. If this item be increased in somewhat simi- 
lar proportion to the other data, it will appear in the 
provisional estimates as 1,500,000 cu. yds., which is 
entered as earth, although some of it may prove to be 
rock, 

The disposition to be made of the large amount of 
material excavated from the river bed 1s a matter calling 
for careful consideration. According to a printed specifi- 
eation for dredge work, prepared by the company as a 
basis for inviting bids, it is to be ‘‘deposited on the 
banks or in such places as the chief engineer may 
designate.”’ If put ashore an extra cost adding largely 
to the estimates must be provided for, and it is doubtful 
if in the upper section, where the navigation is compara- 
tively restricted and the excavation large, it will be pru- 
dent to dump it in the vicinity of the dredged channel 
and within reach of the river current. Possibly a por- 
tion of the materials to be removed is such as may be 
used to construct training dikes parallel with the chan- 
nel, behind which the sand or other tighter material 
could be placed, but details of this kind must depend 
upen a proper survey and ascertainment of particulars. 

There is a discrepancy in the stated length of the river 
from Fort San Carlos to Ochoa that should be noted. As 
derived from Childs, the distance is 68.71 miles; accord- 
ing to Lull it is 69 miles. The report of 1885 and sub- 
sequent reports put it at 65.50. As no survey was made 
later than Lull’s, the earlier figures should be taken. 


‘LAKE NICARAGUA, 


The southeastern end of the lake, near Fort San Carlos, 
where the San Juan river leaves and the Frio enters, 
is a shallow expanse, deepening gradually with a flat 
bottom slope. The company’s map indicates that the 
20-ft. contour of depth, with the lake at elevation 110, 
lies 14 miles offshore, and a ship channel of this length is 
to be dredged on a straight line, bearing about north 70° 
west from the San Juan outlet. 

As proposed by the company, the channel will be 30 
ft. deep and 150 ft. wide on the bottom, with side slopes 
of 8 : 1. On this basis the company’s estimated amount 
of dredging is 4,726,076 cu. yds., but there is some error 
in this, as the amount stated corresponds more nearly to 
a bottom width of 125 ft., and the actual amount as 
recomputed is much greater, viz., 5,645,000 cu. yds., 
according to the company's profile, or 5,143,000 cu. yds. 
according to the company’s chart. 

For reasons stated in discussing the width of the 
river channel the Board is of opinion that the bottom 
width of the lake channel should be not less than 300 
ft. The course of vessels, although straight, is in the 
open lake subject to such irregular currents as may 
exist in so large a body of water and to the action of the 
winds. The information on this point is that storms 
are infrequent, although squalls of no great violence 
or duration occur, and that the prevalent wind is moder- 
ate to fresh and a continuation of the east-northeast 
trade from the Caribbean. 

The proposed slope of 3:1 is also quite inadequate. 
The material composing the bottom is on top a liquid 
mud, stiffening downward into harder mud or clay. 
The Board made soundings along the channel line from 
a point about 5 miles out in the lake, toward the San 
Juan outlet, and at intervals of about a mile took means 
to thrust a long pole into the bottom, with the following 
results: At 5 miles out, depth of water 10 ft., depth of 
mud 8 ft.; at 4 miles, water 9 ft., mud 9 ft.; at 3 miles. 
water 8 ft., mud 914 ft.; at 2 miles, water 7% ft.. mud 
9 ft., and at 1 mile from shore, water 6 ft., mud 11% 
ft. The mud was noted as soft and gritless, a derivative 
of voleanic ash or the like, probably mixed with more or 
less vegetable matter. Such material as this could never 
stand at the submerged slope of 3:1, particularly as the 
eurrents due to the action of vessels’ screws are very 
destructive to channel banks. 

The closest analogy to work of the kind proposed is to 
be found in the dredging in Mobile Bay, where a ship 
channel of 24 ft. depth, with a bottom width of 280 
ft.. has for many years been in course of construction 
and the physical conditions are quite comparable with 
those in Lake Nicaragua. The Mobile channel has a 
total length of some 23 miles, and the underwater slopes 
assumed by the different materials dredged through are 
as follows: Very hard sand. 3:1 and 4:1; hard sand. 
mixed with shell, 6:1 and 8:1; stiff mud. 8:1 and 
12:1; soft to liquid mud, 14:1 and 20:1. The descrip- 
tion of this soft mud, as given by the engineer officer in 
charge, to whom the Board is indebted for these and 
other particulars, “a thick soup underlaid by a. stiff 
mud,’’ is precisely applicable to the greater part of the 
Lake Nicaragua material. 

The Board therefore considers that an assumed slope 
of 10:1 its a very moderate datum for computation. 
Using this and a bottom width of 300 ft., the quantity 
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to be dredged according to the company’s je is 12,- 
873,000 cu. yds., and as computed from co! y's 
map 11,724,000, an average of 12,300,000, and is is 


more likely to be exceeded than reduced unless some 
means be taken to maintain the channel banks from in- 
flow of adjacent material. Sheet piling would do this, 
and reduce the cross section, but for so long a channel 
it would be a costly item, and it seems likely that this 
may be avoided by following a Dutch practice and de- 
positing the stiffer material excavated from the bottom 
of the cut so as to form a submerged wall or bank parallel 
with the channel which will crush down through the 
semi-liquid mud and hold it back. Beyond this, half 
a mile or more from the channel, the softer mud can 
be penoet by means of hydraulic dredges. With this 
method of protection, however, it would not be pru- 
dent to diminish the cross section of the channel. 

Beyond the dredged channel the sailing course is 
through the open lake for a distance given by Colonel 
Childs as 5614 miles to the west coast, leaving Balsillas 
Islands to the northward and the Solentiname and Sonate 
groups to the southward, and passing about 4 miles to 
the southward of the island from which rise the vol- 
eanoes of Madera and Ometepe. This island has a total 
length of 20 miles, its northwest end about 5 miles and 
its southeast end about 11 miles distant from the west 
coast, sheltering the canal entrance from north-north- 
east to east by south from the prevalent winds coming 
from about east-northeast. 

This continuation of the trade wind is represented to 
blow steadily, with a force from gentle to fresh, during 
the greater portion of the year. The strongest winds 
are said to be from the north and west of north. Their 
force can not in any case be great, as is proved by the 
endurance of the frail, half-filled timber cribs, the con- 
struction and condition of which was noted by the Board, 
which compose the landing pliers at San Jorge, 4% 
miles north of the canal entrance, and at Granada, near 
the northwestern end of the lake, 50 miles distant, where 
the exposure is about the same. Under the lee of the 
islands is an admirable harbor for vessels of all draft, 
with good holding ground and entire shelter. 


The Canal Entrance on the West Side of Lake 
Nicaragua. 


The west shore of the lake is rocky, and considerable 
excavation will be required to carry 30 ft. into the canal, 
the contour of that depth, with the lake at 110, lying 
about 1,600 ft. from the shore line. The canal entrance 
is on the lee shore. and while the exposure is not great, 
it may be desirable to protect it by artificial works. 
The company proposed for this purpoze two piers. 
starting from the sides of the canal, and extending 
into the lake on diverging lines to a length, respectively, 
of 1,800 and 2,400 ft., the entrance width at the outer 
end of the shorter pier being 600 ft. This funnel- 
shaped entrance is not desirable in circumstances of this 
kind as tending to accumulate such sea as may be 1un- 
ning shoreward, and the Board considers that it would 
be preferable to separate the piers at the shore ends, 
placing them or more feet apart, and converging 
the extremities to about 500 ft. for the entrance width. 
These piers may be built of crib work. filled with stone 
derived from the local excavation. which is in ample 
auantity for that purpose. In addition to these, ad- 
ditional short guide piers of timber work, about 400 ft. 
in length, would be required to sustain the canal banks 
where they pass through the shore line. The amounts 
estimated by the company are sufficient to cover the 
cost of these constructions. 


THE WESTERN DIVISION--LAKE NICARAGUA TO 
THE PACIFIC, 


Lake to Tide Lock near Brito. 


The territory separating the lake and the Pacific has 
been quite thoroughly explored in the course of the sev- 
eral surveys made at various times, and the Lajas- 
Rio Grande route, originally selected by Colonel Childs 
in 1850 and now adopted by the canal company, doubt- 
less offers on the whole the greatest advantages. The 
country is open and rolling, with mo‘erate elevations, 
and presents no serious obstacles to canal construction. 

The canal line leaves the lake shore 900 ft. north of the 
mouth of the River Lajas on a course seuth 60° west 
up the valley of that stream, crossing the river four 
times within a distance of 14% miles. For the greater 
part of this distance a new channel is to be made, to divert 
the river to the south side of the canal, and prevent 
interference with it. Westward of the last crossing, 
the river valley bears more to the southward, while the 
eanal continues through an open country across a 
gradually ascending plain toward the summit of the di- 
vide. After some curvature, the summit is reached, 5 
miles from the lake, at an elevation of 154 ft. above mean 
tide, or 44 ft. above the summit tevel elevation 110, 
that is to be maintained in Lake Nicaragua, giving a 
naximum depth of cut of 74 ft. 

Passing the summit the line enters the drainage basin 
of the Rio Grande and meets the river at a distance of 
7% miles from the lake, at the head of a narrow valley 
or gorge, and thence follows the general course of the 
stream to the Pacific at Brito. This portion of the route 
is heavily timbered. Im the gorge, which is 1% miles 
long, the line is mainly in curves, with a minimum 
radius of 4,300 ft. Of the whole distance from the lake 
to the Pacific about two-thirds consists of tangents and 
one-third of curves, with radii of from 4,300 to 17,000 ft. 

The width of the gorge is insufficient to rurnish sepa- 
rate accommodation for both canal and river. This 
complication led Commander Lull, in 1872, to seek a 
separate route, and he adopted a line which leaves Lake 
Nicaragua 3% miles to the northward of the mouth of 
the Lajas, and, following the valley of the Medio and 
one of its small tributaries, crosses the divide with an 
elevation of 248 ft. above mean tide, and then jcins the 
Lajas line at the western end of the Rio G e gorge. 
By this route the water of the river could be kept in 
its own channel by making a few cut-offs. but it had 
no other important advantage, while the depth of the 
divide cut and the amount of excavation were much 
greater. The company has adopted the Lajas line, re- 
turning to the Childs location. 

From the outlet of the gorge, two alternative routes 
have been located by the company—the earlier one con- 
tinuing the canal to the sea, the other damming the 
Rio Grande 3% miles from the Pacific for the formation 
of a large basin, which would prolong the summit level 
4% miles westward. By the first route, called the ‘“‘low- 
level line,’’ the canal in excavation and embankment 
follows the right bank of the Rio Grande through the 
gradually sloping valley to Brito, descending by four 
locks, placed at natural sites, or, in their absence, where 
the natural slope of the — requires; the first lock 
with a descent of 25 ft., terminating the summit level, 
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is placed in a hill at the west end of th- 

miles from the lake shore; the second lock * 92 
scent of 30 ft., is placed in the valley at a & de. 
tance of 1.6 miles or 10.8 from the laxe: th, dis- 
also with a descent of 30 ft., is 3.6 miles far; ae 
miles from the lake; the fourth or tide |, ae 
descent of 25 ft. at mean tide, or 29% ft. i 
low tide, is 2 miles farther, or 16.4 mii: a 
lake. The distance from the tide lock to th: ao 
tour in the Pacific is 1.3 miles, and the to eee 
from the lake to this depth is 17.7 miles. et 

West of the summit level the Rio Grand 
portant tributaries on its left bank. On its 
it receives the Tola, which has its sources 
to the northward. The Tola is ordinarily 4 , 
cant creek, quite dry at times, but its so. ey 
the hills, and occasionally it becomes a to “ae 
fortunately it has never been gaged, an: n if 
drainage area is not known; it is probab). : 
that its discharge is at times as much as :; rs 
per second, and possibly much more. aes 

The canal line as located crosses the Tola 
tance above its mouth, and the disposition 
waters has been considered a matter of som. a 
this apprehension and the advantages which . 
sult from the extension of the summit leve| i 
Pacific, with the formation of a wide basin i; alle 
of the Rio Grande, have led to the adoption } som 
pany of the alternative ‘‘Tola Basin line.” bal 

At a place called La Flor, 3.8 miles from 
terminus and 13.9 miles from the lake, th: 
the Rio Grande is narrowed by two steep hills 
on the valley floor, of 1,600 ft., at an eleva: ( ; 
ft. above mean tide, and a width of 2,000 § oiwo., 
the summit-level contours of elevation 110. om- 
pany proposes to build a dam at this point . ficien 
height to raise the water to elevation 110, t! xt 
ing the summit level, as already stated, to 
miles of the Pacific, forming a capacious basi: 
4,000 acres in the valleys of the Rio Grande Tols 
This arrangement would facilitate navigatio 
stituting a basin for 4.6 miles of canal, and » 
the question of the disposal of the flood wat. of the 
Tola by permitting their free discharge into ; ; 

As originally designed, the La Flor or Tol, 
it is indifferently known, was, like the Ochos 
be a ‘rock fill’’ and to be constructed in the ; V 
with a weir on the crest for the discharge of io pi) 
Grande drainage. This plan has been modified 
cently by providing a solid concrete core for 
backed with a stone and earth embankment 
sides, and locating a weir in the saddle of an 1), 
hill. This weir is to discharge the drainage of 1) 
and, as the Board is lately informed, «about ‘: 
surplus discharge of the lake watershed also. Th. 
as to what disposition to make of the drainag 
the construction of the dam or its masonry 
not yet been fully considered by the company. 

The La Flor Dam, per se., is a much more formida- 
ble construction than that proposed at Ochoa, in reyard 
both to its volume and the head of water it has to sus- 
tain. The river channel cuts about 20 ft. into ¢h. 
eral surface of the valley, and the contour of &¢levatio 
20 ft. above mean tide crosses its bed immediately bx 
low the site of the dam. During the dry season th 
river runs dry, and the surface of the ground water js 
below the bed, as would be the case also below a m 
pervious dam. It follows, therefore, that the head of 
water against the dam would be fully 90 ft. and it hardly 
need be said that only the best material is adiissible 
for the foundation of a dam under such a pressure, and 
where such vast interests depend upon its integrity. The 
foundation should be selid reck, free from fissure: 
or seams, or, at least, a core wall should be carried 
down into such material if accessible. 

In 1892 and 189% diamond-drill borings, 26 in :umber 
were made along the center line of the dam and at sey- 
eral points within 400 ft. of it, with very discouraging 
results. A mass of sand, gravel, and mud was found o: 
the center line extending 75 ft. below the floor of th 
valley, or 35 ft. below sea level; several borings passed 








gen- 






through materials below this level, reported a oarse 
sand,’’ ‘‘yellow clay,’ ‘‘clay and rock in layers yel- 
low clay and sandstone,”’ etc., to depths reaching 150 ft. 
below sea, and among other borings taken was one 4") 
ft. above the center line and close to the area to be coy- 


ered by the dam, in which the material, from 4) to 
214 ft. below sea, was “clay, sand, and pieces of rock,” 
followed by 30 ft. of ‘‘telpetate’’ (a soft, clayey, vol 
rock), and 54 ft. of “‘white clay with pieces o/ k 
and the boring was ended in this material, 2s {t. be- 
low mean tide, or 338 ft. below the surface of the ground 
without having encountered any solid material. 

If such are the facts, the Board deems the project of 
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“a 90-ft. dam impracticable, and omits consideration of 


its construction. It may be pointed out that, in any case 
the advantages to be expected from the dam are 10 more 
than the substitution of 4.6 miles of basin for an equa! 
length of plain canal and the disposal of the flood waters 
of the Tola, and these benefits are not of such magiitude 
or urgency as to justify an attempt to secure them at 
= such risk as the construction of the dam would in- 
voive. 

It should be stated that the unfavorable results, of 
the borings at La Flor are in part, at least, recognised by 
the company, which, nevertheless, is unwilling to aban 
don the plan of the dam and basin on the present evi- 
dence in the hope that additional borings may b« more 
favorable. It is difficult to see what foundation t!«re js 
for such a hope. The engineer who had charge 0f the 
borings was reputed to be, and his notes and rej.rt in 
dicate strongly that he was, careful and compete:'. and 
the facts as observed and reported by him seem ‘l(a! to 
the plan. If the views of the Board are correct, a retur! 
must be made to the low-level plan—a canal in ava 
tion and embankment. The only serious objec. to 
the company’s location of this relates to the dis). <a! of 
the floods of the Tola. It would probably be necessary to 
receive this water into the canal and to discharge ' 
over a weir at some convenient place on the opposi'. side, 
whence it would pass into the Rio Grande. The = rren' 


in the canal caused by this flood would probably »' ©- 
ceed 1 ft. per sec., or seven-tenths of a mile pe: our 
but there is some uncertainty about this, as the T. + has 


not been gaged, and its maximum discharge © not 
known, and proper gagings may show that it is ..der- 
estimated. 
From examination of the topography the Boar’ ‘nds 
reason to believe that a canal line can be carrie’ jow® 
the south side of the valley without any special dif «!ty 
and so avoid all interference by the Tola. A ma) '0°4 
tion indicates that the line will be rter, and ‘0 oF 
three diversions of the Rid G channel wi! kee? 
the river entirely to the n it. The cost is .-me- 
what greater by reason of re excavations, but = ™*! 
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« to be free of the Tola discharge. Both loca- 
be ¥ s be thoroughly studied and selection made of 
— ‘With present information the Board prefers 
os » route, and its estimate is made for that. 
—' ‘difieation were carried out it would be advis- 

* nge the location of Lock No. 1 to a new site 
able ‘hward; to build a weir at the former lock 
ee “charge the water of the upper Rio Grande, 
ae . the remainder of the valley, here quite nar- 
and iam at the west limit of the summit level; 
a water to be sustained by the dam would 


_ ft.: it would be founded on the so-called 
nd have to be sunk well into it to make the 
o cure, but with the moderate head of water 
a ‘culty would be met. As the flow of the up- 
ae nde must be taken into the canal at the head 
et © the effect on navigation of the introduction 
pr it is must be considered. 

wT of the company’s standard canal section in 
arth 096 sq. ft.; the flow of the stream at high 
feods never been gaged, and is not known. It was 
aati y Colonel Childs at 5,670 cu. ft. per sec., but 
this « exceeded. If this amount of water were to 
ward through the canal it would produce a 
veloci 1.5 per sec. If, on the other hand, no water 
were d to pass the weir at Lock No. 1 the river 
disct would be compelled to find an outlet through 
the eastward into Lake Nicaragua, producing a 
urré 1.9 ft. per sec. or more in the divide cut, where 
the at ( the cross section (in rock excavation) is 3,000 
that confined section this current would be 


pass 


sq. ft 


undes e: but it is evident that the weir at Lock No. 
1 ca! so regulated under intelligent supervision as 
to ca . division of the discharge of the river at the 
head he gorge, part going westward to the Pacific, 
the ré der eastward to the lake, and the current in 
both sections limited to so low a rate as to be harmless. 
The disposal of the water of the upper Rio Grande be- 
ing thus provided for, it seems unnecessary to carry out 
the company’s project of diverting it by an expensive 
dam across the upper valley and the construction of 
an artificial channel and embankment across the dividing 
ridge into the valley of the” Lajas and thence into the 


lake. The company’s proposition to discharge through 





thé canal into the Pacific a large part or any part of 
the surplus water of the lake watershed would be ob- 
jectionable for reasons above indicated; and, in general, 
the use of a canal as a drain should be avoided when 
practicable. 

For the first 1% miles from the lake, where the canal 


line follows closely the general direction of the river 
Lajas, the average elevation of the ground is little 
above the proposed lake level. The company proposes 


to make this section 120 ft. wide at bottom, for use as 
an extension of the harbor and a passing place for ves- 
sels; but it appears to the Board, as in the case of the 
canal from Greytown, that this width is insufficient 
for the meeting of two vessels and more than necessary 
for the movement of one. If a suitable passing place 
were formed at the west end of this section, long enough 


to receive three or four vessels, and the bottom width 
eastward to the harbor reduced to 100 ft., the cube of 
excavation would not be changed materially, while the 
work would serve the purpose better. 

The material from the western crossing of the river 
Lajas to the eastern crossing of the Rio Grande, a dis- 
tance of 6 miles, covering the west divide, is princi- 
pally volcanic rock, of all degrees of hardness, from 
“telpetate’’ to the so-called ‘‘conglomerate.”’ In a frosty 
climate ‘‘telpetate’’ would disintegrate rapidly; even in 
the mild climate of Nicaragua it is found more or less 
disintegrated wherever exposed. Conglomerate is usually 
hard rock resembling trap, and while its excavation 
would be more expensive, the sides of a cut formed 
through it would be more permanent. Borings—19 in 
number—have been taken with a diamond drill, at 
intervals of about 1,000 ft., through the heaviest work; 
after passing through earth of an average depth of 12 ft., 
rock was reached and penetrated to the e of canal 
bottom. The cores obtained by the use of the diamond 
drill would have been valuable if preserved and properly 
arranged, furnishing a complete record of the material 
passed through, but only a few of them, representing the 
harder rock traversed, are now to be had. | cores 
were left on the ground, where fragments are still to be 
found, showing much disintegration. 

The company’s standard canal cross section, in rock, 
has vertical sides from the bottom to 10 ft. above 
water, where there is a berm of 6 ft.; above this the 
slope is 1 horizontal to 5 vertical. Considering the 
nature of the rock, it seems probable that these slopes 
can not be maintained throughout the cut, and in such 
case the amount of excavation will be than esti- 
mated, but in the absence of more definite information 
there is no means of providing for what may prove to 
be the necessary increase except by a more liberal allow- 
ance for contingencies. 

In the estimate of 1890 the company assumed that all 
of the locks of the western division would be founded on 
rock, but borings made in 1892, at the site of the tide 
lock, showed a deposit of mud of unknown depth ex- 
tending at least ft. below lock bottom, and in the 
estimates of 1895 an additional sum of $250,000 is en- 
tered for foundations. A less difficult site can without 
doubt be found. At the site of the second lock from the 
lake, on the low-level line, no borings have been taken 
except with an earth auger, and the existence of rock at 
the elevation reported is doubtful. Rock of some kind 
has been found at the remaining sites on both lines. 
; It is believed by the Board that the arrangement of 
or ks proposed ¥ the company, which gives the summit 
lock a lift of ft., while the tide lock has a lift of 
“io ft., should be changed. In locking down to the sea 
level certain disturbances caused by difference in specific 
gravity of salt and fresh water will delay the operation 
- the tide lock, and it will be judicious to uce its 
ift. The Board, therefore, would modify the pro: to 
give this lock a lft of 24% ft. at mean low: tide. the 
three others having 30 ft. each. There results a consid- 
erable increase of excavation in all the levels between 
the summit and tide locks, the cost of which is believed 
to be justified by the increased efficiency gained. 
ace company, for some reason not stated, has left the 
ne h in the canal between the tide lock and Brito Har- 

or at 28 ft., although the canal abov 


Herbas #4 ‘e the lock and Brito 
arbor itself are to be excavated to 30 ft. The exception 
made is inexpedient, and the full 4 should be made 
Pen uous and provided for in estimates. The 
ae * ropeangee tnetude this. 
‘o shut off the water of the Should it be desired at 
“ny time to draw the levels to the westward. There are 
no detail drawings or for the , and 
sched gubany’s estimate cost is in the 


BRITO HARBOR. 


The report discusses the projects of Childs, Lull, 
Mitchell and the canal company for this work in 
much detail. The company’s project is criticised 
on the ground that the protection in the way 
of breakwater was so planned that the harbor 
would be subjected to a heavy sea swell, and no 
provision was made for the removal of a sub- 
merged reef, which extended out nearly to the 
middle of the harbor and directly opposite the 
entrance. The Board states that the data col- 
lected by the company were too few to permit 
of any really safe estimate of cost or to settle 
the question of satisfactory location. The Board 
makes, however, various suggestions of charges 
for this work, and while the company allowed 
$1,920,961 for Brito Harbor, the Board makes a 
provisional estimate of $4,398,500 as its cost. 

GENERAL CONCLUSIONS. 

All locks should have a width of not less than 80 ft. 
if the navigation be intended to provide for the passage 
of war vessels and for future developments in the case of 
commercial vessels. The U. S. S. ‘‘lowa’’ and others of 
the same class have a beam of 72 ft., 3 ins., and still 
others are now contemplated with a beam of 75 ft. 

All streams affecting the canal route should be gaged 
to ascertain their regimen, and in particular the regimen 
of the lake and the San Juan and San Carlos rivers should 
be carefully determined. 

Rainfall observations should be made at several con- 
owe points over the entire route from Greytown to 

rito. 

The construction of the eastern division on the line 
proposed by the company is feasible, but in view of the 
risks involved in the maintenance of the numerous dams 
and embankments the final adoption of any route is in- 
expedient until all alternative routes shall have been 
fully investigated and compared. 

Full explorations for alternate routes in the eastern 
division should include the so-called low-level line on the 
left bank of the San Juan to the San Juanillo and thence 
to Greytown; and, more particularly, full investigation 
should be made as to the practicability of extending the 
canalization of the river to the vicinity of the Serapiqui 
by means of comparatively low dams. 

The cost of work, particularly in the eastern division, 
will be increased in consequence of the heavy rainfall, 
but from observations made, its destructive effect on 
completed work will be much less than that of frost in 
the United States. 

The climate of Nicaragua is mild, equable, and humid, 
and while the sanitary conditions are not unfavorable 
as compared with portions of the United States, the value 
of physical labor is much less. It is probably to be ex- 
pected that the opening of earth excavations will be 
attended, as elsewhere, by the development of malarial 
diseases, but not of a specially malignant type. 

The voleanic and seismic forces in Nicaragua are 
manifestly declining, and there seems little reason to 
apprehend disturbance of so serious a character as to 
imperil the stability of canal construction. 

The -official estimate by the company of $66,466,880 
is insufficient for the work. In several important cases 
the quantities must be greatly increased, and in nu- 
merous cases the unit prices do not make proper 
allowance for the difference in cost of work between the 
United States and Nicaragua. 

The provisional estimate by the Board is $133,472.893. 
It should be understood that the existing data are inade- 
quate as a basis for estimating the cost of many of the 
structures; some portions of the work may cost more, 
others less, but in the judgment of the Board the 
entire project can be executed for about the total amount 
of its estimate. 

For obtaining the necessary data for the formation of 
a final project, eighteen months’ time, covering two dry 
seasons and an expenditure of $350,000, will be required. 


COST OF WORK AND “STIMATES. 
Climatic and Labor Conditions. 


Before fixing unit prices for an estimate of cost of the 
eanal, the Board has examined with much care a large 
amount of data relating to cost of similar work in the 
United States. Several contractors of high reputation 
in their respective lines have examined the maps and 
plans, and have aided the Board by furnishing estimates 
of costs of various classes of work. Several gentlemen 
of wide experience in the execution of work in the 
Tropics have also given information of great value. 

It can not be expected that work can be done in Nica- 
ragua at prices ruling in the United States. The first 
cause of this, which will readily appear to anyone, is 
the climate. 

Another cause for higher cost of work in Central 
America is the comparatively ineffective manual labor 
which has to be relied upon. The natives of Nicaragua 
are not likely to prove useful laborers in the severe and 
steady work of canal construction. Negroes from the 
West Indies, principally from Jamaica, have been em- 
ployed largely at Panama and on the Costa Rica Rail- 
way. Under good management they are docile and from 
a tropical standpoint are considered industrious and 
fairly effective. They will undoubtedly form the labor 
supply for the canal. Wages are only about one-half 
as much as in the United States, but the efficiency of 
the laborers is much less in proportion. 

There is a marked concurrence opinion of those who 
have had experience in the man ent of construction 
work in Central America that the cost of work, due 
to inefficient labor and unfavorable location and climate, 
is about twice as much as in the United States. 

Machinery will be used largely, but will be of little 
value after completion of the canal, and hardly any of 
it will be worth removal; its entire cost would, there- 
fore. be charged to canal construction, making the pet 
charge higher than usual. Repairs of plant will be 

or facilitfes of any 
they will have to be 


account of pay rolls and traveling expenses will he 
twice as much as in the United States. Fuel will cost 
more than double. Freight on materials and supplies 
will increase their cost greatly, particularly if sent to 
interior points. 

It appears therefore that the rule applied to manual 
labor will hold good also as to work done by machinery. 
and in general the cost will be doubled. On the At- 
lantic Coast, the factor should be somewhat greater than 
two; on the Pacific Coast, somewhat less. 

So far as shown by experience, the sanitary conditions 
in Nicaragua are favorable. During the building of the 
railroad across the swamps from Greytown westward 
the health record of the men, who were mostly Jamaica 
negroes, was very good, although they were constantly 
in the water. 

When deep excavations are made in the clay there may 
be a different result. The Jamaicans, however, suffered 
little when employed in the construction of the Costa 
Rica Railroad, where the cuts through the hills were 
very heavy, and it is believed that with these cr other 
acclimated laborers, under complete police control and 
subjected to judicious sanitary regulations, there will 


be no more sickness than occurs on public works in 
many parts of the United States. 
. Unit Prices. 
Dredging. 

Greytown Harbor.—Material, coarse volcanic sand of 


light specific gravity. It will have to be deposited out- 
side the harbor lines, either in the swamps or at sea. 
There will be some exposure to the sea in the harbor 
entrance. The interior dredging can be done for 20 cts. 
in the entrance, 40 cts.; average price used in the esti 
mate for the entire amount, 25 cts. per cu. yd. 

Greytown Harbor to Lock No. 1.—Material, sand for 
one-third of the distance; then mud and clay. From the 
west end the tow will be long, if material is taken to 
sea; if deposited on bank by a pump or ejector the lift 
will be about 20 ft., plus height of spoil bank. Estimate 
pri e, 25 ets. per cu. yd. 

San Juan River.—Material, according to Lull’s classifi- 
cation, made from lead-line indications, is «jay, sand and 
gravel. A large amount of material classified by him 
as rock is believed to be gravel and |owlders and is so 
taken in the estimate. A large part of the material will 
have to be delivered on river bank to avoid 
channel area. On account of this, and the uncertainty 
as to the nature of the material, the unit price in the 
estimate is increased to 30 cts. per cu. yd. 

Lake Nicaragua.—Material, mud and clay. 
tity is large and the situation sheltered. The clay can be 
dumped within a stort distance; the mud can be pumped 
to a sufficient distance to insure against running back 
into the cut. Estimate price, 20 cts. per cu. yd. 

Brito Harbor.—Material and conditions similar to those 
at Greytown Harbor, and same unit price used- 
per cu. yd. 


reducing 


The quan 


25 cts. 
Earth Excavation. 


Eastern Division.—Material, stiff clay. At the Chi- 
cago drainage canal, excavation of hard clay with steam 
shovel costs 22 to 25 cts. per cu. yd. where the ground is 
level and plant for dumping can be moved easily; the 
work there is done in the main when the ground is dry. 
In the heavy rainfall region of eastern Nicaragua the ma- 
terial will become difficult to handle; the lock pits will 
be deep and will require some pumping; the canal line 
between locks is crossed several times by the Deseado 
which will have to be diverted, and cost charged to exca- 
vation. In the east divide and beyond to Ochoa the coun- 
try is made up of steep hills, where it will be difficult to 
mech aint to advantage. Estimate price, 60 cts. per 
cu. yd. 

San Carlos Embankment line.—Material, clay. Exca 
vation is made to remove surface soil at sites of embank- 
ments; therefore of small depth, usually of smal! area 
material to be dumped just outside of excavation. Es- 
timate price, 50 cts. per cu. yd. 

San Juan River.—Material, probably clay. Excavation 
required to straighten channel. Rainfall becomes leas 
going west. Estimate price, 50 cts. per cu. yd. 

Western Division.—Material, light loam, sand 
clay. Rainfall less, and country less hilly. { 
price, 40 cts. per cu. yd. ‘ 


and 
Estimate 


Rock Excavation. 

Eastern Division.—Material all degrees of har 5 
from telpetate to trap; of volcanic onate and not a 
fied. she harder rock will not drill and blast nearly as 
well as the rock in the Chicago Drainage Canal, where 
the contract price is about 70 cts. It will not drill or 
break better than the gneiss about New York city, which 
costs for excavation about 80 cts. The telpetate is softer, 
but it may prove impossible to maintain it vertical or 
with slope of 1:5, as proposed by the company. The 
country is a mass of hills, and plant cannot be Fandled 
as readily or employed as usefully as in a level district. 
The heavy rainfall will increase cost of work. Estimate 
price, $1.75 per cu. yd. 

Western Division.—-Material, similar to that in eastern 
division, but with less hilly ground and better climate: 
the Board assumes the unit price at $1.25 per cu. yd. 


Mud Excavation. 


Eastern Division.—East of divide small quantittes of 
moderate depth are to be removed from embankment 
sites; estimate price, $1 per cu. yd. West of divide at 
sites of several embankments mud is to be excavated to 
depth of 30 ft. or more. Cost of protecting sides of cut 
by crib work or other means to prevent slides into cut 
will be large, and is included in the estimate price of 
$1.50 per cu. yd. 

Embankment. 


Greytown Harbor to East Divide.—Material, clay. To 
be placed on cars when excavated from lock or canal 
prism. Embankment price covers cost of transportation, 
taking from cars, placing in embankment, and rolling or 
tamping. Company's price used in estimate, 30 cts per 


cu. yd. 

East Divide to Ochoa.—Material, clay. About half will! 
have to be borrowed. Estimate price, 45 cts. per cu. yd., 
which allows 30 cts. for excavating one-half of the mate- 
rial from pits favorably located. 

San Carlos Ridge Line.—Material, clay. All will have 
to be borrowed. Embankments are generally small, at 
considerable distance apart. An excavation price of 40 
cts. is added to an embankment price of 30 cts., making 
the price used in the estimate 70 cts. per cu. yd. 


Back Filling Behind Lock Walis. 


Eastern Division.—Material, . In most to be 
cantveteh trom eke ef tock ba We lahtes bank. Locks 
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generally located in hills. If quantity is insufficient, 
deficiency is to be made up by borrowing. Excavation 
price 40 cts. added to embankment price of 30 cts., mak- 
ing 70 cts. per cu. yd. 

Western Division.—On account of material being more 
easily handled and more favorable climate the price is 
reduced in the estimate to 60 cts. per cu. yd. 


Materials for Ochoa Dam. 


Rock Fill.—Material to be principally in pieces weigh- 
ing 4 to 10 tons, obtained from east divide. A sufficient 
amount cannot be obtained by ordinary blasting, there- 
fore quarry methods will be required, adding to cost of 
excavation. 

Per cu. yd. 
Additional cost of excavation is estimated at...... $0.50 
Transportation to dam (1 ct. per ton-mile)........ 30 


Handling at dam...... tn ait hii aliniihen ie ite dea ek ee -20 
A large amount will have to be stored for final sea- 
son’s work, involving two handlings; cost of this 

distributed over whole amount............esee0% -15 

Cost per cu. yd., solid...... Poorer wre re 


One cu. yd. solid makes 1.7 cu. yds. loose. Cost of 1 
cu. yd. loose, 68 cts., say, 70 cts. for estimate price. 

Earth Fill.—Material. small stone and clay. Waste 
from east divide: 


Per cu. yd 

TYARUOTIRTIOE. cccsces aesecs ich enhadensan ene 
Se Oe ic 0c < 0d. 608. 05.054300,.0460000 2EKtes -20 
Estimate price.......... on, someresen Dine ae 50 


Submarine Rock Excavation. 


San Juan at Toro and Castillo Rapids and at Canal En- 
trance West Side of Lake.—Material, probably hard, vol- 
eanic rock, without stratification except on west side of 
lake; latter amount relatively small. Work will be done 
with expensive® plant and skilled labor; plant should be 
charged to work. Present contract price for limestone, 
hard but horizontally stratified, drilling and blasting well, 
in the St. Marys River, Michigan, $2.43 per cu. yd. In 
Nicaragua cost of plant will be 50% greater, pay roll will 
be double, cost of repairs and fuel more than double. 
Estimate price, $5. 


Sheet Piling. 


The unit prices in the company’s estimate, which pro- 
vide for creosoted timber, are accepted by the Board. 


Stone for Breakwaters. 


Greytown and Brito..—Stone from divide cuts. Stone to 
be received on cars at points where excavated. Cost of 
transporting and deposiitng in breakwaters, including 
necessary trestle, will not, it is believed, exceed the es- 
timate price of $1.50 per cubic yard. The trestle will 
be a temporary pile bridge; storms seldom occur, and 
cost of trestle will not be great. 


Concrete for Locks, Sluices and Weirs. 


Eastern Division.—Greater part of work from 12 to 17 
miles from Caribbean; a few small works 22 to 28 miles; 
cement, Portland, delivered by ship at Greytown; sand 
from Greytown beach; stone from east divide cut. Pro- 
portions suggested by company: Cement, 1; sand, 2; stone, 
5 by volume. Concrete for lock construction with these 
proportions costs $9 per cubic yard, including timber 
forms, at the Hennepin Canal, 1893. With proportions of 
1:2:8 for face and 1: 3:6 for backing, the cost can be 
reduced and satisfactory structures obtained. 

A careful, detailed estimate has been made, and $9.50 
adopted as the estimate price. 

San Carlos Sluices and Weirs.—Transportation of ma- 
terials to site will be more expensive than for eastern 
division, and the estimate price is made $10. 

Western Division.—Cement will cost a little more than 
on the eastern division, by reason of higher freight 
charges. Cost of sand from the beach at Brito and 
stone from the west divide will be less than sand and 
stone in eastern division, on account of better climate; 
cost of mixing and placing will be less; these reductions 
will more than offset the greater cost of cement. Es- 
timate price, $9 per cu. yd. 


Metal Work. 


Lock Gates.—The contract price for the steel gates 
just built for St. Marys Falls Canal was 7 cts. per 
lb. Material will probably come from Europe at less 
than first cost in the United States. Erection in Nica- 
ragua will cost more than here, and the final cost is 
taken the same as here, at 7 cts. per Ib. : 

Gate Anchors.—Contract price at St. Marys Falls Canal 
is 3.77 cts. per Ib.; estimated price, 4 cts. per Ib. 

Steel in Foundations.—Material to come from Europe. 
Field riveting small in amount. Estimate price, 3 cts. 
ver Ib. 

; Stee] in Culverts.—Material from Europe. Field rivet- 
ing and calking expensive in Nicaragua. Price for es- 
timate, 4 cts. per Ib. 

Gates and Machinery for Sluices.—The prices taken by 
the Board are makers’ prices, with an allowance for 
transportation. The company’s estimate appears to be 
made for only one-half the number of gates intended. 


Sluices and Weirs. 


Eastern Division.—The company's estimate provides two 
sluice openings 20 ft. by 25 ft. and 200 lin. ft. of weir 
at each lock, and equal amounts of both in the San Fran- 
cisco embankment line. For the purpose of entering the 
items in the estimate, the Board assumes the same pro- 
vision. 

San Carlos Embankment Line.—The price estimated 
provides for 4,000 ft. linear of weir, instead of 1,200 ft., 
as in the company’s estimate. No change is made in the 
number of sluices. These quantities, which may have 
to be changed after further surveys, are assumed only 
to take the items into account. 


Railways. 


Eastern Division.—The estimate of $100,000 per mile 
is* believed sufficient for a double-track standard- 
railroad. The country is hilly, the grading will be 
heavy and there will be considerable pile bridging and 
trestling; but there will probably be no rock cuts. The 
amounts added for buildings, etc., are sufficient for the 
temporary buildings suitable for a construction line. 

Western Division.—With a low-level canal there will 
be no difficulty locating a railroad with a work 
and easy grades and curves, excepting the 1% miles 
through the gorge of the Rio Grande. Estimate price, 
$50,000 per mile for a double-track standard-gage rail- 
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Miscellaneous. 


The Board has adopted the company's figures in many 
cases for minor structures, and in a few cases for im- 
portant ones, where it was impossible to check them 
with the limited time and means at its disposal. The 
most important of these structures are the weirs and 
guard gates. As to the weirs, their dimensions are sub- 
ject to change after the ascertainment of the duty re- 
quired of them, and changes in their dimensions, if in 
the way of increase, must at this stage be considered as 
an item of contingencies. As to the guard tes, there 
are no plans, but the amount estimated for them by the 
company may possibly prove sufficient. 

The company’s estimate contains amounts for receiving 
basins for several creeks taken into the canal, for fender 
work in the approaches to the locks, and for a few other 
small items. The Board has entered the amounts in its 
estimates without analyzing them minutely; any errors 
in amount will be relatively unimportant. 

In the absence of any data on the subject the Board 
has not endeavored to make any estimate as to the 
damages to be incurred from submergence of lands in 
lake and river valleys. 


Management and Engineering. 


Cost of management and engineering is estimated at 
4% of the cost of construction. 


Hospital Service. 


Adequate hospital service is of prime importance for 
the successful prosecution of the work. It would not 
be judicious to leave this to the control of the large num- 
ber of contractors who would be employed, as they would 
not be likely to agree on effective measures, and lack 
of vigilance at any point might start a disastrous epi- 
demic. For these reasons the canal company should 
assume the responsibility, and organize a hospital ser- 
vice on a liberal scale. An item of $1,000,000 is inserted 
in the estimate for this purpose. 


Contingencies. 


The allowance for contingencies is intended to cover 
those items of increase due to unforeseen emergencies 
and exigencies as to climate and imperfect information 
as to the extent and character of the work; in the present 
case, these uncertainties are unusually large, and in the 
judgment of the Board the allowance of 20% is the least 
admissible. 

Quantities. 


The quantities of excavation and embankment carried 
in the estimate are based on the company’s maps and 
profiles, and in most cases, unless otherwise stated in 
the report, its calculations of amounts are accepted. 
The Board has verified them approximately, and believes 
the maps and profiles on which they are based to be sub- 
stantially correct. - 


fg 
RIVER REGULATION BY SUSPENDED FASCINES IN 
BAVARIA. 
By Henry M. Melchers, C. E. 

The regulation of rivers is a department of engi 
neering which has been carried out on a larger scale 
in the United States, probably, than in any other 
country of the world. But while no streams which 
European engineers have attempted to control ap- 








Fig. 3 —Formation of Channel in Deep Water. 
THE USE OF SUSPENDED FASCINES FOR RIVER 
REGULATION ON THE RIVER ISAR IN BAVARIA. 


proach in volume the Mississippi and its great tribu- 
taries, it is also true that in the regulation and con- 
trol of the smaller rivers, much more has been done 
in Europe than in America. In the countries of 
central Europe where population is dense and land 
is dear, the regulation of water-courses is an im- 
portant field of engineering work. 

In regulating the channel of the lower portion of 
the River Isar, a typical mountain stream in Bavaria. 
Germany, it became necessary to abandon the ordinary 
methods of regulation by wing-dams, mattresses, etc., 
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and devise a new system consisting o: : 
planes of fascines, which are suspended * 
river bed by means of piles or a system of 
This construction admits of the detritus pa 
structed through such “works of attack.’ 
posited beyond them through the check » 
current velocity by the suspended faci), 

The credit for the invention of this sy 
to Mr. Wolf, of Landshut, Bavaria, who 
gineer in charge of the work on the Ri, 
the province of Lower Bavaria. 

The Isar, as mention2d above, is 
stream, and has a minimum water flow of 





Fig. 4.—Protection of Natural Embankments }, 
Mattresses after High Water Period 
(Second Stage of Works Shown in Figs. 1 anv > 


Pascine 





Fig. 6.—Third Stage of Works. Completion of Bank Slope 


per second, an average maximum water flow of 600 
cu. m. per second, and carries an immense quantity 
of detritus. The average current velocity varies from 
1.50 to 2.50 meters per second. 

In carrying out the regulation works according to 
the system of Mr. Wolf, there are four stages of 
operation. The first step is the reduction of th 
river to a standard cross-section* and the filling up 
of abandoned portions of the channel. 

*The standard cross-section of any river may 
be found in those “‘straight portions” of the river course 
where the river bed and the river valley are neither 
too narrow or too broad. Where, also, the soi! of the 
embankments and the river bed is firm enough to 
withstand the erosion of the water, and _ therefor 
neither washing of the banks nor deposits take plac¢ 
Where the above conditions: are fulfilled in a greater 


stretch of river course, there also the ‘‘ norma! fal! 
of the river is found 


The second step is preparing for revetments and 


the holding fast of artificial deposits. The third is 
the completion of the earth-work and the revetment 
of the bank slope to conform to the standard cross- 
section. The final step is the completion of the 


bank filling above high-water mark and of paralle! 
works, where such are necessary. 

Figs. 1, 2 and 3, herewith, illustrate the applica- 
tion of the suspended mattress system to the first 
stage of operations. In Fig. 1 a channel is to be made 
through low flat lands. A trench about 12 ft. wide 
is first dug along the proposed line of the channel 
and piles are driven along it at intervals of sbout 
7 ft. To each pile at low-water mark one eu of 4 
fascine about 12 ft. long is fastened, the other «nd 
resting on the side of the trench which is later ‘0 
form the permanent bank of the rectified stream 
It will be understood that most of the work 0 ©x- 
cavation is done at high water, the force of which 
deepens the trench and widens it on the left-hand 
side in the figure, while the material is largely ‘°- 
posited between and beyond the fascines. 

Fig. 2 illustrates the method used where a chan- 
nel is to be made through ‘Gallow water. * 
before, deepening occurs beteath and to the lett of 
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ascines, while the shallows to their right are 
with deposits. In Fig. 3 the same system is 
: to deeper waters, in the case of the Isar 
f 12 to 16 ft. Here a pile frame is built, either 
- three rows being driven, according to cir- 
neces. The fascines are secured to the piles 
h a manner as to allow of a slight pendulous 
nent, thus forming a sort of elastic wall. The 
jarities of the current volume will raise or 
the planes of fascines, the movement of which 


+} 





Fig. 7. Final Stage of Works. Completion of 
Entire Slope. 


nds to equalize the opposing forces, and also to 
bring about a more gradual deposit of the detritus. 

must be remembered that in this method we 
cre to work with the waters and not in opposition 
to them. 

The fascine works illustrated in Figs. 1 and 2 
protect the natural embankment or artificial de- 
posit behind or below it; and, also, in conjunction 
with a proper form of construction on the opposite 
bank brings about a concentration of the water 
flow, whereby the new river bed or channel 





Plan. 


Fig. 8.—The Use of Suspended and Submerged Fascines 
in Combination, 


will be deepened, until it attains its normal depth 
and cross-section. Furthermore, in ad:lition to the 
foregoing, the construction in fig. 2 also effects a 
deposit of the detritus, especially when the planes 
of fascines are so arranged as to leave small inier- 
stices between the individual bundles of fasacines. 
The construction in Fig. 3 is designed to bring 
about a deposit of drift behind the works to their 
full height. They also divert the stream in such a 
direction, as intended in the plan of work, as also to 
cause a concentration of the water flow. 
, Fig. 4 illustrates the second stage of cperations 
in the case of the works shown in Figs. 1 and 2. 
It will be seen that the artificial deposit at the 
right of the channel is now protected by a fascine 
matting. The piles and suspended fascines have 
proved to be quite efficient to prevent erosion of the 
new bank by the current. 

In Fig. 5 the method of protection of artificial de- 
posits formed back of the pile frame in Fig. 3 is 
illustrated. 

The third stage of work, or the completion 
earth-work and revetment of bank slopes, is 
in Fig. 6. Of course this is merely a typical 


tion of the 
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tration. The material available for filling and other 
local conditions, will necessitate considerable 
variations. Fig. 7 shows the final stage of the work, 
which also varies greatly, according to local con- 
ditions. 

The experiences gained with this system from 
the years 1884 to 1890, proved to Mr. Wolf that in 
some particular instances the working of this 
method, as described in the foregoing, was not effi- 
cient to the extent desired (both as to time re- 
quired and work achieved), and it also gave at times 
just cause for alarm to the engineer in charge. A 
thorough study into the causes of such failure led 
him to the use, in addition to the suspended fascines, 
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below such a breakage, may cause the main stream 
to be suddenly thrown out of the intended course 
The three cases above cited cover in a general way 
all other similar conditions, and in all of them it 
is therefore recommended to use a combination of 
suspended and water fascines. 

The method employed to place the submerged 
fascines in position on the river bed is as follows 
CGne or two planes of fascines, as required, are placed 
and fastened, as usual, in a horizontal position, 
upon them at either end submerged fascines arm 
placed in their proper position (see drawings), where 
upop the whole is cut loose from the piles and sunk 
The planes of suspended fascines, which are now 





FIG. 11.— CROSS-SECTION OF WORKS SHOWN IN FIG. 9. 


of submerged fascines, as illustrated in Fig. %. 
which do not in any way obviate the principles and 
working of the suspended fascines as laid down pri- 
marily—that is, of allowing the detritus to pass 
undisturbedly through the ‘‘works of attack’’ and be- 
hind the same, there to be deposited. He also suc- 
ceeded in pointing out exactly when and where the 
water fascines must be put to use, in combination 
with the suspended fascines; one instance being il- 
lustrated in Fig. 9, where a protruding embankment, 
A, is to be removed. 

On account of the increased velocity due to the 
concentration of the water flow, the current here 
has a tendency to undermine the piles or pile frames, 
possibly pulling them asunder, when the river will 
readily return to its old course, and the portion of 
the river to be abandoned, instead of being filled 
up, will be deepened, while the embankment will 
remain unmolested. But this can be prevented by 
using submerged fascines, placed as shown in Fig. 
12, which illustrates this particular case. A second 
instance is shown in Fig. 10, where the line of 
direction of the water flow and the line of direction 
of the works of attack form an angle of nearly ‘i’, 
being at the upper end of a through-cut, for in- 
stance. (When the two lines of direction form a 
small acute angle the water-fascines are, in most 





Fig. 9.—Use of Submerged Fig. 10. -Use of Submerged 
Fascines in Rectifying Fascines in Filling a 
Channel. Ber.d. 


cases, unnecessary.) Here, also, the water-fascines 
must be used, as also a three-pile frame, to suc- 
cessfully withstand the attack of the waters. The 
third instance where these constructions should be 
used is where very broad reaches of a river course 
are to be narrowed by fascine works on either side. 
Here also the water-fascines in combination with the 
suspended fascines avert the danger of the stream 
breaking through sideways, producing small side 
streams. These latter, under favorable circum- 
stances, assisted by small banks of detritus, which 
will be deposited in the heart of the channel just 


placed above as at first, ought not to be 
clined position, but horizontal, or nearly so. 


in an fn 


The high water will cause a side movement of the 
detritus as leng as there are portions of the river 
bed to be filled up. In mean low water the detritus 
will be carried along the channel with the current \ 
still greater concentration of the waterflow, if de 
sirable, can be achieved by temporarily fastening a 
single course of planks or timbers lengthwise above 
the planes of fascines from pile to pile 

In May, 1892, a party of professors and students of 
the Technical University of Munich, including the 
writer, had the pleasure of visiting the work of regu- 
lation on the lower course of the River Isar, under the 
guidance of Mr. Wolf. 

We floated down the entire distance from Moos- 
burg to Deggendorf (on the Danube), in a flat- 
bottomed boat, manned by three sturdy Bavarians. 
The whole distance, 53 miles of river course, was 
traveled in 16 hours, not including stops. From Mr. 
Woif I gained the following data: Work by this 
method officially began in 1886, and in May, 1892, 
had attained a total length of operation of 36 miles, 
2S. of which fall within the district under the per- 
sonal supervision of Mr. Wolf. This portion, begun 
in 1886, was practically completed, and Mr. Wolf es- 
timates that those portions begun in 1890 will be 
completed in 1896. This gives a total of ten years 
for the complete regulation and correction of 36 miles 
of river course. 


CV. 


THE SIPHON UNDER ‘THE SEINE, at the Place de ia 
Concorde in Paris, is thus dercribed in “Le Genie Civil.’ 
its purpose is to tap the present drainage system of Paris 
en the left bank of the river and convey the sewage un 
der the river and into the Assinieres main collector on 
the right bank. It is a tube, 5.86 ft. in inside diameter, 
made -f four flanged plates and a filling piece at th« 
crown, with a total length of 776 ft. and a bottom depth 
of 37 ft. below the mewn ‘level of the river. The soil is 
very favorable in tunneling; but a shield was used in ad- 
vancing the tunnel and compressed air was employed for 
the purposeof keeping out the water. The contracting engi- 
neer is M. Perlier, who lately completed the Clichy si- 
phon, lower down the Seine. He obtained the contract 
for both siphons at his own risk and under a forfeit of 
$200,000 for the Clichy, and $95,900 for the Concorde 
tunnel. The Clinchy tunnel was 7.5 ft. in diameter and 
cout $122.70 per lin. ft. complete. The work was pushed 
from a single shaft, 10 ft. in diameter, on the left 
bank. The tunnel is nearly completed; the shaft having 
been sunk 49 ft. deep in 47 days, and the tunnel was fin- 
ished in 111 days, a mean daily advance of 7 ft. The soll 
peretrated was, for about half the distance, calcarious 
strata alternating with grey marl. Beyond this point the 
tunnel penetrated blocks of calareous rock containing 
much water between them, and this 65 ft. was the niost 
troublesome and costly part of the line. Near the right 
bank of the river the roof of the tunnel came within 11.7 
ft. of the bed of the river and great precautions had to 
be taken to avoid an inrush of water. The tube is lined 
with concrete to the level of the interior flanges and ar- 
rengements are made to flush the tunnel by passing 
through it a wooden ball, after the manner employed in 
cleening other siphons in Paris. The shield used is of 
the usual type, advanced by hydraulic rams abutting upon 
the metal ring. 
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A REMARKABLE FRACTURE OF CAST-IRON. 


We illustrate herewith one of the most remark- 
able cases of fracture of an iron casting that has 
ever been brought to our attention. The casting 
was a mullion made for use in the Siegel-Cooper 
building now under construction at the corner of 
19th St. and 6th Ave., New York city. It was 
lying on the floor of the building in the position 
shown in the sketch, Fig. 1, so that its upturned 
flanges formed a sort of trough. During a storm 
this trough filled with water, which was after- 
ward frozen solid, and a portion of the outer %-in. 
flange 51 ins. long was forced out, taking the 
shape of an almost perfect arc, as shown in the 
detail drawing, Fig. 2. The broken piece remains 
tightly wedged in between the uninjured por- 





Pig. t.—Sketch of Mullion Practured by Freezing Water. 


tions of the flange. The fracture is almost a per- 
fectly straight line, and it is in line with the 
slight recess cut on the face of the mullion for 
the bead which surrounds the depressed panel. 
the reverse of which is shown in the sketch, Fig. 
1, and also in the rear elevation, Fig. 2. Actual 
measurement showed that the fractured piece 
was forced out in the center 24 ins. The imme- 
diate cause of the fracture was, of course, the 
‘freezing of the water contained in the trough, 
wut the permanent elongation of the piece forced 
out, shown by its taking the shape of an are and 
being tightly wedged at the ends can scarcely be 
entirely due to the freezing. It would appear 
that the section which broke away must have 
been under an initial compression, so that it 
sprung out when cracked away by the expansion 
of the ice. 
— +e 
A CHART OF THE ARCTIC REGION is soon to be 
issued by the Naval Hydrograpatic Office. It is to 3Low 
the results of the latest surveys with the i:vestiget'ons 
of various nations given in inks of different colors. 
It is described as being very complete in mapping the 
work done in this region, and as being a magnificent 
piece of lithography. It will be ready for issue in about 
one month and will be on sale at a price simply covering 
its cost. 
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NEW YORK STATE MAPS, made under the direction 
of Mr. Charles D. Walcott, Director of the U. 8S. Geologi- 
eal Survey, and Mr. C. W. Adams, State Engineer and 
Surveyor of New York, have been lately issued for the 
following sections of the State: Oneida, Pulaski, Chit- 
tenango, Amsterdam. Oriskany, Fort Ann, Cambridge, 
Mooers and Whitehall. Each of these sheets show the 
<opography and contours, with 20 ft. intervals, for a sec- 
tion of country about the towns named and over an area 
of about 200 sq. miles. The scale adopted is 1 inch to 
the mile. They supplement previous similar sheets al- 
ready issued for other sections of the State. 


ieititecedlaiiltn eR ieadits 

A COLLEGE OF ARCHITECTURE will be established 
at Cornell University, with a four years’ course of study. 
The successful graduate would be entitled to the degree 
of Bachelor of Architecture. Mr. Raymond F. Almirall 
will co-operate with Prof. Osborne, of the present De- 
partment of Architecture, in formulating a plan of 
study, to be based upon that pursuea in the Paris School 
of Fine Arts. The course will include mathematical 
studies, construction, detailed knowledge of the archi- 
tectural orders, drawing from life and the antique, and 
modeling. The last two years will be devoted to the 
making of designs, specifications, etc. 


> 


THE BRAZELLE ALUMINUM PROCESS, which the 
American Aluminum Co., of St. Louis, has been experi- 





ENGINEERING NEWS. 





menting with at its works at Fairlawn, Mo., is still 
doing more promising than performing. The directors 
of the company, on March 9, issued a printed circular 
to the stockholders, asking them to subscribe to 3,000 
more shares of the stock, at $5 per share, the proceeds 
to be used for purchasing a new gasholder, for strength- 
ening the refining furnace and for other necessary 
changes. The manager’s report is also printed, recount- 
ing some of the troubles he has had with the apparatus, 
which have prevented his making aluminum on a 
commercial scale, and asking for an increased contri- 
bution of money from the stockholders. He is just as 
sure as he was originally that the process will ultimately 
be successful, but the stockholders apparently are not 


quite so sure. 
> 


THE EXTENT OF THE MINING BOOM in Colorado 
is illustrated by a ‘“‘Mining Stock Manual,”’ issued by a 
firm of brokers in Denver, which gives a list of about 
600 new mining companies incorporated to transact 
business in Colorado during 1895, up to Dec. 17. The 
aggregate capital of these companies is about $300,000,- 
000. On Jan. 2, 1895, there were 17 Cripple Creek min- 
ing stocks listed on Colorado exchanges, the aggregate 
capital being $25,150,000. The average market value of 
the shares on Jan. 2 was 7.53% of par, or about $1,990,- 
000, and on Dec. 1, 31.28%, or $7,900,000, showing a 
profit to holders, based on the increase in market value of 
315% on their investment, or about $6,000,000. What divi- 
dends were declared is not stated. It is safe to predict that 
the 600 new companies incorporated in 1895 will not 
give a profit to their stockholders of 315% in 1896. 





THE UTAH ASPHALT BEDS, in the Uncompahgre 
Reservation, lately called forth some spicy debate in the 
U. §S. Senate. Senator Cannon, of Utah, advocated a 
resolution making it compulsory upon the Secretary of the 
Interior to throw open to public entry all lands in this 
reservation not taken up by Indian allotments. The ter- 
ritory thus opened to settlers would include about 
2,000,000 acres. Other Senators called attention to the 
asphalt deposit on this reservation as being probably 
the largest and finest in the world, and while this de- 
posit should be opened to commerce, they argued that the 
government should draw some benefit from it, as well 
as the asphalt companies whose agents were ready to 
stake out claims as soon as authorized. The Secretary 
favored putting up these lands at auction and selling 
them to the highest bidder. The charge that this plan 
would debar the poor man from joining in the profits, 
was met by the counter-charge that all deposits of value 
were well known and were now practically under the 
hands of the capitalists. Senator Vilas proposed to re- 
serve lands containing asphalt, gilsonite or like sub- 
Stances for further action by Congress. Action on the 
matter was postponed. 

seiiabhantaulaiiaciiine 

ELECTRO-PLATING A SHIP’S BOTTOM to prevent 
corrosion and the accumulation of barnacies has _re- 
cently been tried at Jersey City on the iron tugboat 
“Assistance.’’ In the process the copper was deposited 
from baths about 5 ft. square and 18 in. deep, shaped 
so as to fit the curvature of the hull. The baths were 
applied three times, each time with a different solution. 
The first solution is an acid, used simply for cleaning 
the surface from oxide, the second is of cyanide of cop- 
per, and the third of sulphate of copper. The first two 
baths remain on the vessel for about 24 hours each, and 
the last bath four days or longer. For the cyanide solution 
a current of 6 volts and 900 amperes jis used, and for 
the sulphate solution 3 volts and 900 amperes. The cop- 
per deposit is about 1-16 in. thick, and perfectly smooth 
and regular. The baths are placed in such positions 
that the deposits overlap each other on the edges, in- 
suring the absenee of joints. 

& ~~ 

A NEW WAVE MOTOR, known as the Gerlach, is 
being tried at Capitola, a suburb of Santa Cruz, Cal. 
Two experiments on wave motors were made some years 
ago in San Francisco, but they failed because the waves 
demolished the apparatus. The experiment at Capitola 
is of much greater magnitude. The motor consists of 
two sets of vanes or paddles, each set containing three 
paddies, 9x12 ft., giving a total resisting surface of 
648 ft. These are hung from an overhead vertical shaft, 
so that they swing with a radius of 32 ft., the maxi- 
mum chord described being 12 ft., and averaging 7 to 8 
ft. A double swing of each set of paddles is said to 
be made eight times per minute, making 32 single 
swings per minute for the two sets. The motion of the 
paddles is conveyed by chain and sprocket gearing to a 
flywheel 24 ft. in diameter weighing 60,000 Ibs. The 
weight of the paddles is 17,920 Ibs. The newspaper 
account from which we take the above states that this 
weight acts through a distance of 8 ft. on the average, 
giving 143,360 ft. lbs., which multiplied by the 32 tm- 
pulses per minute gives 45,000,000 ft. Ibs. per minute, or 
about 135 HP. This method of estimating the horse 
power is evidently fallacious, The larger part of the 
weight of the paddies is no doubt supported from the 
overhead shaft, and swinging a weight so supported 
through an arc of 8 ft. is a very different thing from 
raising the weight 8 ft. high, which would be required 
to give the foot-pounds stated. 
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ACETYLENE GAS is being experimented wi: 
as a means of lighting omnibuses. The g.<» ; 
weighing about 26 Ibs., is placed upon the | 
form, under the stairway .eading to the top-sc, 
generator will produce about 1 cu. m. of as 

charging; but as recent photom2tric measure 

the acetylene gas give about 15 times more | 
ordinary gas, this amount provides sufficient |i}, 
trip. The gas is produced from water and ca) 
bide, the generator being so arranged as 1, 
the gas in a manner exactly proportioned to 
sumption under a pressure of only 5.2 ins. 

The light is sufficiently bright to permit the ; 
newspapers, and there is no odor. ‘he new 

been too recently introduced to permit anv , 
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Rear Elevation. 


Fig. 2.—Details of Mullion, Showing General Appearance 
of Fracture, Siegel-Cooper Building, New York City. 


Side Elevation 


mates as to its actual economy, but tha cost is said to 
be less than that of light from petroleum lamps. The 
electric accumulators, previously tried, weighed 275 !bs., 
and the sulphuric acid solution employed was easily 
spilled and gave trouble. 


ACETYLENE GAS is condemne4 by the New York 
Board of Fire Underwriters. As the result of @ report 
made to it by Dr. Henry Morton, President of the Stevens 
Institute of Technology, the board has resolved nci to 
insure any building in which acetylene gas is 
regularly used. Prof. J. M. Crafts, of the Massa2use''s 
Institute of Technology, in a lecture before the Sov \y 
of Arts, in Boston, states that acetylene gas forms n<re 
readily than other gases an explosive mixture with 4'", 
5 to 6% of acetylene and 10 to 12% cf water gas, ™ 
spectively, being required to explole with air. The 
danger is enhanced by the l>w temperature at which 
the acetylene mixture takes Sire, 429° ©., miviures of 
aiz with other gases requiring 600° C. While rure ace'y- 
lene gas is not poisonous, the commercial article ™«y 
be, due to the possibility of its containing phosphcret'ed 
hydrogen, derived from phosphorus in the lime and 
in the coke used in the production of colcium carbide. |' 's 
also possible that other poisonous gases, suck as 4r- 
seniuretted hydrogen, may be contaiied ia commer: 4! 
acetylene, but these impurities “could probably te ‘~- 
moved by a proper treatment of the gas. 
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